





i OVL*. .^Ato J («Ju : J-»>J '3 -I 

.-■Mt-U-ll ^.. ^M-, .tic o Aij^j J! AUr»J' J ‘>^ s J-“^ : s»^"'‘ -*' 4i>“ -^> aj ”* 

.Jjjlij 0 . 1 C. i_J! ijj'iJ -l*J Ajjl^i J! AU?Jl j$l<aj 4*3 ^> aj * 

j jj.Mi | j>.« - i ji f b 5 (l ja» J aIlajJI jjjloJ 4 ji 3 3 j ’* l " ‘ J • 4 



. + 65 = cC + dD i JUJl ^jjUo ^. ^1 1 j : 

dn. 



v a - — 



dt 



• j J4>Sl' P jjll 4P JmD 4 




v n = + ^ n ° : D £ '■> '**■ j~> < 

D dt 



jOLjJIj L^jUjII J 3 ^ 1)1 AX JJM AX JJM 


• 


< 

II 

sjs- 


(jjjLAJ J^liu J§ X j»LliuJl Jjlr-l'll ,_y* jjl 



1 dx 
V ~V dt 



.bV, 



{J jL» 1 JxUiiJ dJL JM. Jl 



. a . >.)l jr l^jSfl *■— —>- - . - > a cLdu^-l ,/vX^— * t^jAj 



^LuojlSJi JxUlL) f juu JjjoJ jj^li 



aJjUIi 


j»JliuJl 


aA 


+bB 


= cC 


+ dD 


AjuI JLu^l aJIaJi 




n 0 A 


Hob 


Omol 


Omol 


(2uJtfuj*l A)bJl)JxliuJl *1*1 


JC 


noA-ax 


yiob - bx 


ex 


dx 


Ajul^jJl a) 13»JI 


x f 


rtoA - axf 


noB-bxf 


CXf 


dx/ 



.^fLu v^jJl 5^ Jo*ll Jxlilull ji £A 

t ^u^lll j Y\ j OJli' 4 j 4^ 

n A = n 0 A-ax (I) 

1 dx . .... 

. V . — S - ■~^~ /\ <*"— » w^JJ A t AX voijj! _fl_) vJLJ » iuk“> " 

A V dt ' ' 



a 



.• X OjLi£. iJJJti ( 1 ) «0 jbdl jjjt 



I , l j lit £y,j 3 

X, 

• t ^ X y 1 0-^1 X = - A.4i, Vfll > fl irt' l Ji- baj 1 p 3 LJ <A_d jVJl 5 'JrbJl 3 ^b /^/ 

Jfy = oV>L.lj J^lol^li! : ^Jaa^u 

/ v ~*mar ^0 

* 2 ~y 

JlsUI ,J^UCbl) a . 'll, f. |V| ojlll a±a(=> 

i X * * 1 ‘ 1 ^ iJc-UCJl v a m*>i X ®3 i 3 i_)$s«i]l j 
■ I fll.*> I ll 1 J \ Jkflhll C b "■ 1 1 bjto g j— 1 -Q *— — . 

«u-=/WoW 

uU^ajJt J! .4 

1 u>* (JtliiJi ^ x" c^t _p<p (JiJi j! 

.OjljJkjl 4 ->- j J < 

-l^tbJUl j jHaj Jlj .oVx.lfl~iall AjlILAJuVI jj£=>l IjOl OJlj bit- » : .~'Mf I »ll AojLlUjVl jjt- ijili -4 

^3 Ajj blyubi *3 JcUUi ^Lxajl^j £^i 3A Ux^i .. catalyseur ,_iu,bii u..,. 3 u < 

■ Ajjbflj;% l ll itUall <Lul^jJl <Ub«Jl 

. £1^1 Aj'Uj x-aj3 cJcUili (jic. K^3 Ji jjib JuUc. ^ ■. catalyse AU 1^3)1 a 

AkHVkH 4 jab» jJI /] 

• ( & ) ijj^t 3I (l ) ALjLu 3I ( S ) A Am I gi*^— > L»! J3ltall (JJULI cAk.Uill3 ... 3JI J3SL) 

•j3le^l L> j^^ k ii^liiili3iaju 1 .3lil^jjj^3Slj^ ; A.^ iU' ifl l l jf. <iab*jil /2 
3 ,Aj 3_ . T«l l . ~lbb* . 1 l A. ^> L>- IjLdb . * h Itj 3 bj^j} b j ...jll Q3SI1 Ifl .'43 J A^A^yjYI Ajaba^ll /3 

-v glr^ll 3 Ajjl jjjl . ~.lr I i.^.113 . " il~it 1 \ llg ,-.l-.lj_.-.ll 

X ( t ) |» Jijjl j 3 kaj t JtatAA ffljaj 

*(5 j* * ' 0 A jc 3-^-i' A. U bJl ^I j a i V] ( 4 -aj ^ 3 IJLA3 * / g* X pJbjJl . .tUfc~ 1 




^ d (n„ A -n A ) 

dt at a 

■. jl ajuiiillj j»3JuL« Aii^« oy» <Mt3 . n (tA = ojb . jjSJ 



dn 



OA _ 



dt 

dx 

dt 



= 0 



dx 1 dn 0A 1 dn A 



a dt a dt 

an 



dx „ / iiv 



— = 0 - 

dt a dt 



dt 



1 dn A 
a dt 



v a = 



1 1 ( dn A } 



aH dt 



: 4 uL& 2 fc 3 feJl 4 X.^luJl v-dL*Sl.> 



V /V ) 3J3A Ji-u AJUj! jS^rLi F(V»=»JIo'Uj3 

a dt 

v a=~— ^- y~ o-i! [A] = -*- 
A a dt V 



v = — 



1 d[ A] _ 1 d[B] _l_d[C]__l_d[D]_ 
a dt b dt c dt d dt 



Jill,3 



.0LJUU3J 3 A] 0 yj A^k.3 giU?-^ 4 Atj— 

dt dt 







t JpljLi: Ac. 3-4U 

J 3 l<aj obj Joaj < 

.t idasJJb iJjLsbl H aUflj.1l 3 Xflbil (AajjjS < 

1 ^bl' (Jja ' 1 m i '* j ^ 



dx x 2 -x, , , 

— = ^Ult (3^° 



t/Z 



^2-'/ 



: 1 \a “U <X£. jmA\ > 0^3 



7 x 2 -x, 

v = + — X L 



V t,-t 



.JcUiJl ~A£. juu f JLluJl Aaj& vljJlj bit-. ’. Aiii ^ 

^Uu Vl («jj jJ >b&3 .aUt .1 3 x ^b2uJl Cft**-* - , ‘ IUjj x(t) j»Jbi!l J3UJ s >=bU ^3 < 



j ** * '* ^Uji) (T A-jx.31)' gbLabJ' 
.^LU j]\ ^jA La^U^jt ^ JutuJl (*ujj j . J 0^ 0 ^ 4 - } ^ 






JfrUUl Ajjbua 

I 1 jbS jia ,jlt ■£ '* ■ ’!_■ JOjLxaj .(jj U a jS) ! J y e. ~ i. l t Al l JcUuJl jJuJy * 

: jOljjJlj ClMcUoll 



aA + bB = cC+ dD 



.2u itu jijx.1 cl y c,b,a 

i ^iuuJ days (^S f~A 3 A ** “ . , i m ii JcLdjJl Ijt * 



n A _ !h _ OcL _ n D 



abed 

(jtOf...:,) ( B ) j ( A ) oMtldlllis oab J j ^bj . i-» a Jc.Ul< JLf>~ 3 J V i>i! 



^ _ n B 



.Jbeil JcLdilt JL>- 31 djl 3 . Qj&SLui j^L) Jjnili'id jiL jujll O^ 3 lj!j * 

a b 

j» ' la'l l Jjjcv jtC. Jul^jJl^ . 'iMr 1 a~. all ojU .1 d_i a^~ > j^jjLLi jsJij j£.liuJl j jlaj iUnljJ Ji3 <uix . 3 



<uUaA !1 4 _ 1 aaJI 4 JIa 


f&i\ 


«/4 + 


bB 


= cC 


+ cC 


iUulJLu^l 20 lsJl 


X = 0 mol 


"a 


" B 


0 mol 


Omol 


iVl 2 Ula«Jl 


X 


n A -aX 


n B - bX 


cX 


dX 


Ajul^pJl aOIsJI 




n A -aXf 


n B ~ bX j- 


cX f 


dX f 



y - n a 
X f ~~^ 



X,=?± 



jjJUJbj rt _, — £lA^ — 0 jilnij djliS Jbeil J^liull 3A .4 ^jjlj^AII p 3JJI 0 ^= lj! * 
Cjj! > Htf ~ bX 1 ■ — 0 Jibe ~i_i djli Jbeil Jcliull 3A 5 i a i^ll p yjl tj!^ * 

«. W„ 

Jl ,_yJU l^jlJbed .j'Mx.liLJo UJhM^sa O ^ 5 lj!i * 






X = n ±='h- 

a b 



u^ULiuXI uU*£a j$2oj 

J*bw J 0 



aJU]| 4l*S 

•* 

/7 : ® 

mol : l^jaj -3 • 
^jjW^ • 

: JLa dULm 3I id ll.<~> OJU A Ijj'j »_!*> ll P yJl _'l — ■ Ijl * 



( g ) _1 ojlil d]JJ =3 : AW j 

(g.mol ^ jdJjiidJL&li i A/,, 



WJ, 



M , 



.JjUJljdaeb- F 3 . JjUJ iuweil djjffll P A ^>- M a = P A .V dliUJlJObeJl JlbJj 

I jyj dj jit ajld (jb I _1 g _1 ‘v 1 1 p 3JJI 'j! * 

( L)-i jUJljdbe*. : V A 



d-ljTe'lll 1^3 jjjj J ^3!! (d^^ll : V m 



"a = 



Va 



, Ue.All ^4 jj^UaJl jjia ^Jjl ^ V 0m = 22, 4 L ( _,!-»» J 
.( T 0 = 27 3° k 3 I 0 n =O°) d 0 oji ^eJi ^3 P n = /a/m = 1,013.10 s Pa 

O^is . A ^ j-iil F^ (* 3 eaeJl 3 F 5 jl>3eJl P A ibXua!l l^jiS fdj lj! * 

t JLiljliil |>LxJ' ja \^kuk~H j 5-i 111 A 

P A V A 

n. = — — - 

" PF 

. Jiiii jiiU j»i*Ji ojUJi P . T(k ) = 0(°C ) + 273 ■. ^> 
d Pa) jlSJuUL. jUJi laii ± .P A 

.( m ) _l jUJl jdbe^- •. V A 

. = C A V ! oys J ^lae^ j wjl Jl4 A All p 3 JJI Jjl^= I j! * 

( mol .L ) _l UJ jl_i 4 _i < \ ll p 4 oJl IJL^J ^ y gaejeJl J 3 II ■ _' — • • ' 3 J 1 



1 








,(L) jdJb 1 

4 ( mol ) J$lb JtUuJl j»bii x 

.Jcliul! A£. jm *}\ V 



dx 

-A •■•_.. li t' Aia=jjlj x(t) ^biuJloM (AB) o-Ml bjbj — 



dx x-, -x. 

. — = — ■■ o J ! 

dt t 2 -t\ 



a U-^M » 

.( mol.L 1 ,S~' ) 9Jl»3 0^ ( 5^ AjjbJb jOiu t * 

.(molU' .min' 1 ) 5o»3bV» (min) ibuialb ^ 

.(mol.L 1 .hr' ) oJu>3bys (h) AtbJb jbij / * 

( x(tA 



>v(t) = 



,x(t) tjb I Is » *= » 4$^' [ X ] cjfjLfAjSJ' 



dt 



i O' O^ 4 ^ * 



x(t) 



r .Si\ jSJ 




, 4 d[X] 

.v(t) = — - — >0^! 
dt 



t ^ JcUlJI JS-jum jUaj j_/J' • 

,jLC.biil J^UJ' . jl £ = *}^ 



i^sis 

,£U- j! ,j£.Uj <u (» 32 u tjoli JcUlll3 ( C '■**' “T **'_■ 1 

(*3“J t^jdl (JtliuJ'3 (e ^Ojb3y4SJ^i »iiij • 

iLubiJ f«e' / )oib3>SJ!ftbc 3 l ( le • 

. ( Ox 2 / Red,) lS >>-' AjjbU ou*£=» 3^ tj! f Ox 1 / Red : ) 



Jjk* Jfrlil jj)eu 4—1 jJ 

1 ^jo-b o-*>" *MJb Jcuau or (/ ) fbiuJ' j‘3^ Jc-u* j's^ ^b J * 

: JAjuJllll 

J3UI1 Jjl3^J <y(t) iU£.3iJiaalabJl JJJLaj j Ji— >3 /l 

, ^3^3^=. o^ila J! bOi f* 0*9 - ^ ~ 1M* 3 * 




'<r=sw 



MtirO 



.ibbJiojb ^ 40uj- G-kcr 



t ('S.W 2 . WO/ ,) _i ^1^3 .4 _jLu 1) iUt 3^1' 

. / mol.m f ^ j J 3 b»li jj '30 / ^ 1 7 

: S^LolUj ^ykaJLJ ,J G vJ^ 



Jt. x(t) y^j O-Jbj Liiy» SujliJ 1 J OjMc-Uult 3I 0^=» ^ ^ 

^^ 3 i)oobb k ^3 p ^7 

.( P 3 T Oi3aij j 

i OljUU pbJl 03 ^^' J 1 11 ' 111 ^ b?"' i>® 




PV=nRT 



R T 

P( 0 ) = :t =0 idasJO 

7 V 

R T 

P(t ) — ri(t )-y >/ iJ<»iJ'(33 
n(t) = f(x) Jl x(t) (.juuJi J ajb 3* l 5 o 1 > n(t) Jb^lt 4 









A I i t I ^ <CU Jjij' i.)' ' fl i I . fV l / 1 
•(jLmJ Cj\ J 5 SO / 1 

.jjiasj ji jjn /2 

bn* 1 " /3 

rU .' I ^*. 1 ’■ ~. a V JcUbJl .AjSjill Ojl <>Sf jJ j /4 

!*■ 1 U 1 j*- u~.i i ^oiol ftjijjJi a>-jj Sjbjj oijiaa ciaiubLi /5 

3 j 3 J / 2 

Jf U~.l l lA-lbj jb jJt Aj£=> >» 3 ' J-»'3*l' O* Af>->i 

. <wjb*a» aIoI u <3 •■ ^i= ji' auj»£Ji o* '' 1 * ^ ' i 3 J 



q«. Mj ^J<r ' I jjj y.~A) jJujil JtUUl AjU^j / 3 

! 1 <Uj3»jJt J • 

(Ag; m , + N0r Hm) )+(N4«,+Ci; mt ) -> (dg* ,Cl~ ) (t) +(Naf al) + NO] (aq) ) 



! 3 J • 

: j» ^ij (O Jl ' l j ji flil l jOj-iblb A ~ l l \ ~i < ~— > Ji ft fl ’ l Ajtb-j! 3 . I iii ^ I J^bu 34 



2I (a,,= I 2( aq) +2e ' 

S 2 O g 2 +2e- =2SO;l 



2 1(aq) + ^2^H(aq) ~ ^2 + ^2^ 2 S< a q) + 2 ^4(c 



iuj&)\ OVx&) )^jj oooV> oj)W) 




1 UJjAjJI 

AolUJl ^_ijb»i)l all ■ *.y.£l 



A.Aal l Jlilyj J A j a ^ jbii-l ^IJ . '.I J / 1 

j3^=> J 3 1 " O* (Ag* aq) + NO~ 3(aq) ) 

.Jjijjl Luiilj 3jaiLu> - Ift li u i a ( Na (av) + Cl (aq3 ) 



(■ ~«U.Ml) . t i.ii ^— > jjJuA J^Lm /2 

julliflji 03 II 1 o-» J*A* aJ! jU) f Afa + + 0 //~ ) 

a ■ ■ lS-^j 3 03^ a . A la. I . l l 



3*^=3^ J3U4 £« f + I(aq)) -» 3 » Ji 13 ** i>* ^ 

Juib 60 ^^Scu * .<uib 20 jia^u .j^i^j ( 2 Kf aq) +S 2 Og (av 

.J*ui\ 03 I J t jL) bts-'dj 




Oj ^ 3 I 1 jat ^ JujLuJU Aj 4 ^=> ^ 03 1 ^ J ‘ <« V i 3 3 jUu3(i oVc.Uj /4 

a;Ui 3o>l>-} obLo> ^ l^&a >33 CH } — COOH JiJi C 2 H s — OH 
(jl j» 1862 o' 3 »- J! j* / 861 Al (j ^ii»a aJs J jji 3 ji a»-_>j ait JtliiJi O' 

Jj-wi l^J aia>- ^yJi ^ aMtUili a .k*^ y» bia %55 
. 1 80°C a>- jjJi ait Atbu . a<f»i j JtUl]i f*jj jli auj}£Ji (_>»«»■ o~“ bslubj bait 

. j ... . ll.lll l \Zj^l ^ ^ /t 

auj>£Jl 3 jl Jjjl A^»- J-5 J3-5 ja>- ^ Aj^pOjt ^ /^J 

. 3 j 1 oiy^?^' pO^ T iiH ^a*ili Jtbill . .ii < ~~» l /J, 






jUaai JiiLi jOI 3 UIJ vj^LtliUl kjU*S <Uali JiJ 1 -" 1 tSllpgpBfiill 





,jiW) u'ke uaH OWo odoV> <yo)Wj 



21 f ) = l i(aq) 2& '■ ~ a - Ajjlw ^Iffl'l i / / 1 2 A_i il i Vll • 

H 2 0 2(aq) + 2H) aq) + 2e = 2 H 2 0 (l) . £l?“j)(i ^ > 0 2 / H 2 0 iuibAJi . 

^^(aq) + ^ 2 ^ 2 (aq) + ^^(aq) = h( aq ) + ? H 2^( I ) 

1 2 2 ^Hj AalaodJl AC^uJl - i l... •« - /2 

. t — 3 00 S <>lrv»«lll j cr* i Jt il l l _j-uLo-« jJjl 4 4 ilr^nlll AC^uJl l jjju 
i jjt M 4lt~>fl ill Akoli^ / = 200s AU-»m • 

• [ hJ = f (0 i^W^ 1 tys^ili 

$£h l.4.4r-» A/ ill J Li- 1 . 1 ) T 

.^^jlicill JSLJl ^ 7Lx<b 

JJLsvj^ * T ^loil ^jja B $ A \ ^jaju • 

: U4juIjuU^> 




(A) : 

(B) : 



\t A = 100s 



[I 2 ] A = 2, 5 mmol. L l 
t B = 650s 

[ 1 2 J B = 7 ,3mmol.L l 
7,3- 
650-100 



v JJjUzlhh-lAz 2 A 



^ B t A 



v = 8,7.10 3 mmol. L '.s ' 



( is#*** LH)* 3 ) 4 



£-• J$jJl ,_yU} J^bt« v Jclcu j )U~, iUuljj ,JI 4j_>3»lJl ftjLA (>» 

uA* ^■ > l’ I ■.* ' l i5 O * killj -Ajjlj Ojl^». A»jJj JLulj j ( I ** '*.'** j' 1 ) 

• H < jjyJ Jjl^ui £-0 1 (aq) i_)^b»» 





2 ti 



aA + bB ^2. cC + dD > J^-bij £ js.nU au...j -.ii ^ ^...h 

(jlUJl JjOjJl j D (jjL j a j^I I fcj-iH [D] j A > AJl/ Aa l~ < -i «. < ^iilkva.' ^ ^ 



t(s) 


0 


1800 


3600 


5400 


7200 


[D] mol.L' 


0 


0,110 


0,170 


0,218 


0,247 



1 2 - 5400s j t i~l 800s J5. jc/.i v m 4iv,,.j-.ii ac-j^uJi jjl>. 

mol.L~'.s~'.,/\ 
mol.L"' .min"' 4 



J-il 

i .yL.J /I ^SbUiJ .y~, ll w I^>» ' 



_ f A],,- f A]; 0,218-0,1 10 

Vm V t 2 -t, 5400-1800 



v = 3,10 5 mol. L~‘ .s 



-1 „-/ 



. mol. 12 .S SJLa-^b/l 
mol.L 1 . min 1 5jl> >lb /^_i 



1 



Is = — min . ajLiiliJi j! JuiUJi Jas»j 
60 

v = 3,10 3 mol.L' ( — min)" 1 .o^! 
60 



v = 3y.60.10" 5 : 



v = 1,8.10 3 mol.L 1 .min 



-1 



3 LI 



u b.> iauuj j H 2 0 , sllb / OJjbi 0, jjl caj ^^JLj 

d /•/,; = f ( t ) ij*- 

JSLJl 

. Jjjb«Jl J ~i ll AJ jlu - 1 ~ — ■ I / 1 

: OX / fed jUojluJl w b»»~< 

^ 2 ^ 2 (aq) / ' Bf 2 0 (/) I (aq) / I 2(aq) 

^yjLu 4ai^3«Dl AiL^uxJl <■■- / 2 

. / = 5005 albaJJl ^ I 2 J 3 JI 




lO 

T— 

3 
•3 
•J 

j 

! 

1 

a 

*D 

j) 

*3» 

4 

\ 

n 

1: 



j=ii 

JjjbJl J <p».7jl ieO Jlx4 / 1 








(I ) 3. \ 4Jj\jl4 f\ / 1 

= h<aq) + 2 e 

S>Ol; aq) + 2 e = 2 S 0 2 - aq) 

2 ^(a,) + ^2^8( a q) ~ h(aq , + 2 $0 4( aq ) 
(?) J y~-\\ a—* ' .li a. i.i. ^>^1 SJjUj <uU^d />_i 

h(aq) + 2 e ~2I (aq) 

2 S 2 0 j-=S 4 0 2 6 ; aq) + 2 e- 

12(0,, + 2S 2 Oj- = 21 (at) + s 4 o 2 ;^, 

s^Ji ^d Jji>i J! 05UI J) h t^Lii J3«^» i> 0$U' />/ 2 

•(I(aq)F h<aq) ^3^ h 

.A^^l J-»l3»Jlo- 4 c^‘®jL>^'^> J L>“' ii * ii ^ S 2 0 S(aq) 5 I (aq) jy Jtliuil /wJ 

ijlJLi ^ Ail JjJJli £jj-u, Jf=^i J^jfl o' 9* 2 3 1 /V3 

. S 2 Og (aq ) 3 I (ag) C&? aajjJl JL.t'ii i till > auh >\ Ai! (Jj-S 

. 80 min J! Ail JjJaj ^Je u 54a ^UJi ui 

^/r j Cm 3 n(Ii) oy AiMaJi 

7 2r«?> + 2S 2° 2 }(o q , = 21 (ag) + S 4 0 6(a9, ! ^ jUi ' ***** 

wf/,; n(S 2 Q 2 ) n(r) n(S 4 Q 2 ~) 



2 1 

■\ 2 - 



Aj^lkkll AilUJl ^3 (*) 



n(I 2 ) = 



Cm*V E 



, t n(S,0 2 ~ ) 

n( I , ) = > a^Luli ¥! l i «4 ' j ^ 

> cp! n ( S 2 C) ) — C m x • o^ 

[l 2 ]Ah 7^=>7> Jl*Ai/£ 

n (h> = Cf^yVflJ O 1 !* 1 *-* 

C (h) =[I 2 ] h s^7> °fi> C (h) o^J 
r = 10~ 2 mol. 17 1 , 0 $ K, , = 10~ 2 L & V ( , . = 10ml o'U£= 



v 

i’jt7 



41*3 [ 1 2 ] X 10~ 2 = 



I0 2 x V.- 



( *) AiiUJl Afi^laJl 



0-3 3*-* 






J) 

5> 






15,3.10 s -7.10 ' 

V (1 2 ) = M j ^I aIi *Jj-« — — — ; ~ 2,76. 10 



34-4 



V( 1 2 ) - 2,8.10 4 mol. L ' .min ' 



V(S 4 O 2 - ) = 2,8.1 0 4 mol.L .min 



y<s,o. v(i,) v(r> v<s,o‘ -) 

5 5 7 ^ 

Ajl 4^ *(>-_») ^ 4 j ^ o 5 l 11 dl^Lull UUj 



V(S 2 0 2 } ~ ) = V(T ) = 2V(I 2 ) = 5,6. 10 4 mol.L '. mm ‘ 

(cuJLaUJI iJuLui jjjjJa |>c JcLu jgJaj ojuilja) 5 QjjajJI 



AJjLxILi ij 4 -?-J j jl 4 — > 2 ( // , O £-A J^UuJl ) A ■ ■*— »jll AjJbU] J^-Liu q! 

, 4 1 ‘it 1 « i*7)i 



(CH 3 ) 3 CCl (a))+ 2H 2 0 (l) =(CH 3 ) 3 C0H (aq> + H^ + Cl^, 



^ AjjliJl AuiljA * A * 

^(aq)3 

I . ... i 1 o -cU ^ !_>-» . all’ll i„.u,.Va 80ml ajA ^-jSauj 150ml Aia. ^ jA+i 

ji i^jjt /l . )^li ^y» 20ml 1**— > .uuj _^Ji £.5% j 95% 

. Jj-Af*. J} gOUjJl 09 ^-> ■ ii* loVs^AJ AalaUJl ^Ui jl^M £}\aluii . C 0 = 0, lOmol.L 



t(s) 


0 


30 


60 


80 


100 


120 


150 


200 


<r(s.m ') 


0 


0,246 


0,412 


0,502 


0.577 


0,627 


0,688 


0,760 



■0*3^9^=’ ) ^=»j 4 / 1 

9 g~l i'lm'l UU . /J > .*— > jl' j till jjj4 |_JSJ ^jlJUj^l jll AJl£. JJJ Ojl® A-> 

Jf lfl~.l l j»jij JjJ^>- ja«jl /2 

, i _lc.UuJl tl^jul JuC 1. > j . l _lc.lfljJL) aY t ) j». la ill AWju (T tLtC^jJl tUlSlill OjLlC. 7t ~1 |~|.I|I /I/3 

aWju x (<m_a Vjjl*- lad />_j 

. X ( t ) Jjioli ^j'n* ill (Auijl /4 
. t — 50s ai^tIIi ^ (3^-IaiJi acj^u . ii h> .i / 3 

. /, c Altvalll JC^ !)f I j> JLAill Aa.a uu>l /I /6 

. /^/ (JcliuJl yjlrti ,jj»j JAC /y_l 

2(Cl ) = 7, 6.10 3 s.m 2 . mor' . 3.(H j O*) = 35.10~ s s.m 2 .mol l :>u 



c>V akH uW) boo V> oojVaj 






[s 4 o‘-]=^f 



SAjx-jA I j j*" — ' j~' Ui ' 



2v2u • 



fU 



5,5.10 s 
2 



J^AsJl cj^ /| /4 

/^7=y .UjaJ 

2, 75.10 ’ mol.L 1 ■. .i>ia ^'^ju . K LujJ / = 3m//? AlasjLJi j 

: (jJUJl (AJflllj w Y-JL>- ^1 > a ."ilUy^ll A iM. ill . I J y \ 



[1J (mol.L 1 . 10 s ) 0 2,75 3.9 

t(min) 0 3 5 



6.3 8.1 10,1 11.4 13.7 15.2 16.6 16.9 

9 12 16 20 30 40 65 80 



[h]—f(t) erjLuJ' (A—J At* 












[crj = n cl ^>3 [ff + ] = ~7TCA l 



x(t) ^4 j»JLiuJl ! (iLJUuj^l 4Jb*Jl) t 4j-Laj 4las«J 



[ Cl ] = [ H* ] =-^— >n 



3 «„• = ~ o->! 



cr(t)-(A H . +l cr ^ 






V V 

( 1 ) ■■ - 't» < 3 fljbjdl L y»5aj 



X(t ) = Xj = rt„ . LujJ JcUDl tl£ul JLiC 



cr, =M W , +A a J-f 



x = • 



Fcr 



V +A cv 



/ Aj^JLi X jbu /»_j 

: X la~i)l fl jb£. Jbu AtuLuJl (I ) OjLulII ^y> 



X = 



V = /00mL , F = 80 mL + 20 mL = LyjJ 
V = 10 4 m 3 J\ V = lOOx 10" oj! W 3 * A v j A /r oif 
10" a 



35.10 3 + 7,6.10 



— : Jl5«X3 X 4jLt£. j L yb$jj 




x* 2, 347. 10 s . a (mol) 



x « 2, 347 a ( mmol ) ,(m mol ) J>* Jit j! 



! J^JtnJl !iUj I JSL43 > X Aaj . 9 Jd«_l 3 (7 _) t ZUiasJ J£=> *3 

t(s) 0 30 60 80 100 120 150 200 

cr(s.m~ J ) 0 0,577 0,967 1,18 1,35 1,47 1,62 1,78 









X — f(t ) ^jbu J| l _y3«-ill /4 







l \mj\ OVuO j^bi) boov> 03)Vjfc) 



J-Ji 

/l / 1 

: Q^jUu X, oj j'3^ J_3^ <uliLJl t»«~ 

.J$b»ll Ajl^uJ <UA3«3«Jl <Lj$ll /Jl i [ X i ] , 

■ *i ' »" Axe ^jJi 4 _jJ^ 1 i iulaUJl i X 

( H<ia ) 3 ( n 0 tu) OP Ajjlilt A_j 

n 0A =C 0 V 0 =0,10x20.10 3 

i 

n 0A = 2. 10~ 3 mol 

(O j " _■ -tU) JlJ^ll O'* 95 "/ 0 = till ! *1*11 4.1 mi lb 



f , 95 x 80 , 

F,, ,, = = 76 mL : till 

H>0 100 



(V«» 



m 



W // , O — Ptf , O X ; O 1 s ^' O' 4 (V* 3 ^' 4li^> 

Ph 2 0 ~ Ig-WL tL»U 4 -i.«.t»t«II 4 l~ > ^) l ,jSJ 

CP! 



! h,o = 1x76 = 76 8 



^yjlJuu^l (ojlil <LjLO^==) clll J JlC 

4.2*01 



n 



° Hl ° M h ,o 18 



."ojb j-i" till -La-i^j o! 1 cp! n 0eau » n IIA o' lc»»Mj 

JtliuJl j»Juu Jj-i?- /2 



J&lijJl <1JUL4 


(CH 3 ) 3 CCl (aq> 


+ 2H 2 O 0) 


= (CH,),COH^, + H^, 


+ ci (aq , 


AjjIJojV' AjlaJI 


no 


5jL»> 


0 mol 


0 mol 


0 mol 


4J150JVI 4JUJI 


no -x f 


ajb^j 


X(t) 


x(t) 


x(t) 


<ul^Ul 4JU1I 


n 0 —Xf — 0 


OjbJ^i 


Xniax 3' Xf 


Xf 


Xf 



n„-x f =0 , Uxo»3 1 jj o'UcUiii o-« jjji ^4 ( CH})iCC\ -^>> 1 ' o' 

Xf =n n 1 4 i»j 

x aJ^’jLl J 4-t£. jjJl 4 jlUU 3I o jl^. /' /3 

o- = z V*,7 = ^[n*] + ^ v - [Cl] H 







(Jjy a) 6 GD 0 *** 



. CH 3 COOC 2 H S(acl> C 4 H 8°2 

9 Aii li^ «Cll ^Li.fl ^_y2b L 4 /I 

9 Ia^oaj JiJl *£. ^ U /w» 

+H0^>) *&* J 5 U -3 JA^^ow J^<o!/2 

s ablalU ^JloJuj 0 -“^ ' 

CH 3 COOC 2 H 5(aq) +Na} ai) + H 0 ( aq) =Na + +CH 3 COO +C 2 H s OH 

j ,^ .« j3^Ji J3U-. 5* y^> j -53^3* J3U- J! JA??> 1 = 0 v <0isJ £ 

<J3 I juiL^i gijrili JSJ J3I1 03^3 ^0 - 1000 mL <u?^ j*. 

,C 0 = 10 mmol. L 1 ^3^3 
J 3 JL?- iy^j’ • 1 JOkasJ]! £ JtliuJl j»^ij X ( t ) 

. iuliliJl ^Ui jl*> G(t) JuliUJi aXXXaa $ o«* ii JcUUi i»jUi /3 

^ , i, ^ ^ A-jOi *3 .JuliUJi .y-Ui '-^ o“>^ bU ;1 

S 03 Ut3lUi^ll 

. i.1-.-^' «ua jUJi iuliUi3 AaiiUi jl^sJ K J3 1 =** u 0(1 ) jc. jUt. /<-> 



\HjCOO 

K 



‘*HO ‘^W J3^» J J'3^ 



.p 5 a jUjUJi^jUca^a^t. G(t) =^-( aX (t ) + P) 

'0 . 

lG(<X>) JcUJUl«ijl Juc JulaUJ \jiG(0) t5i it =0s JuUJl j iulaUl ajUt jy-iiu.! /£ 

. / -> 00 alasJjl ^ L$1 

<w 



•j'fO =■ 



_y f ^ OjbaJt ulauu /1/4 



G(0)-G(co) 

.X(t)=C 0 V 0 (y(0)-y(t)) o>o* 

. JUJl J 3 ly" ,jl£. X ailiirf OUe»J $G(t ) 0^4 At 1 

t(min) 0 5 9 13 20 

y(t) 1,560 1,315 1,193 1,107 0,923 0,560 

.JtfuUlt * X(t) ^ J 3 — 1> oS*d J3^*J> l>- 411 <** 

^ ‘ ,X(t)o W 

■JUuMJ a .Ui-M ^ll iU^SJt wiuai AajSUl 0 >all 4 j Aa^ ^ o ^ 1 




/ = 50 a' * w». m j} ij£.Uiji a£.jo*i . ■ '...•>. /5 

1 t — 50s IfljJuoli ^yJl a lr> a i l l j i U ^^utfca (»*» jj 
X B -x A _ 1,8-0,25 



1 v =- 



^ B G 



125-7 

t , j X max Kaai -jU> /I /6 

(CH } ) } CCl j.\ A ^jit 3 * 3^1 jcUuii^ M 



: V I J. vl JjjL*. ,_y»3 



n 0 - x f=o ; 



Xf -Xnuu =n DA =2.10 } mol 



x = lmmol x = l*10~ mol .* = 



t, JC.ULUI . 1 QA 3 /'r 1 

X = £^LJ0 U( 3 

, . 2x/0 J 



=605 , . ^3 14 ] aaai 3 li %L«u» c>^3 ‘O^J' J ^ ^ 










G(t) = k I A^. xC 0 + A w0 - xC 0 A wo x 



G(t)=- 




( A a - A wo J AT (t ) +C n V 0 ( A. Na + A wo ) 



G(t)=£-(aX(t)+p) 
v o 






P= C 0 V o( ^Na'+^HO ■) 9 a ~*A \tO t* 



G ( 0 ) » jUt /£ 



G( 0 ) = ——( a +0 + P) G( t ) ojUt ^ * X — 0 mol 1 1 — 0 a ir^ii i j 
^0 
k 3 

G (0 ) = — — > «u*3 
Vo 

G( o o) 

JlsOlIS G f t ) Sjbc. (3 1 ^* 5 " • ^ = X max = C() V o L ^“ l1 1 00 4 






G( °o; = — f aC 0 V 0 +p) 
Vo 



y(t) = 



X (I ) SjLaJtobi! /I/4 
G(t) 



LuJJ 



G( 0 )-G(o o) 

:G (0 ) -G( <X>) ijj* Ji 3 o*" 

kp k . _ ./ kp kaC 0 V 0 k£ 

G( 0 )-G(oo) =—---—( aC 0 V 0 +/?> =- 



G( 0 )-G(o o) =-kaC 0 



V 0 V 0 

■■ O ^ 



k 0 ^ 



: JoOj _V ( t ) ftjbt ^ 43>J' 0^9" 



* 



. aX(t)+P 

y(t) = — • 



-kaC 0 



-a C 0 V„ 



( 1 ) 



JaJI 

‘LbU<o£Ji SJuli 3I1 /I 

Alia /? -COO - R ' JShJl CK» lj 4 atuaiil Aiu-sJl o' U-> 

/> ...... 

_Q—Q '■ ^jA L^J* ic-9^l3«ll A_J 



/2 

j£.Uili CH } COOC i H sla , ) + Na; at) +HO; ail =Na; ail) +CH } COO; aq) + C 2 H,OH l ^ ) ~3 

n 

t(min) X(mol) 



0 


0 


C„v 0 


C V 
^o r 0 


C 0 V„ 


C V 


0 


0 


/ 


X(t) 


C 0 v 0 -X(t) 


C V 

'~ y o r o 


C„v 0 -X(t) 


C V 
^o r 0 






00 


X(t) 


c/o-x^o 


C V 
'-o r o 


c 0 K-x_=o 


C V 

'-o r o 




V 

/v mar 



3 

1 



0 I Jut Jaj U» r-®* 1 CXP (5 J 9^9* Na' o£ 



c„y„ -x mm =0 



y Cg V 0 I4] iujljuj^l Aj^SJI JUJUj . Jtliui V Na 

op! 



J 

.3 

4 



=C 0 V„ 



j JjljbJl G iUiiUJl J±ju iUutjJLl Oj'jlai A^ijj UJ9 . ^7^ 4 Aj JtliiJi iaa> /I/3 

a— IjJLi ^ .ijjUJl AJbJl j ^I^jl ^ ^9 ‘Ji 1 ®* 11 

.iUujJLj^^J Aai • P )aala 3 \ j^xj 

G ( t ) iulaLJl ojLit /^j 

* .U i '.li jl4»- ■ ~ ' ' I* a$c.Xi Ojb jlJut 4 A i ‘ i j> G ( t ) — k C( t ) o' 

&(0 

<l(t) ^[X,] =^.[Na'] + A H0 [HO ]+A ch coo [CHfiOO '] 



A »! b CH i COO 2uU^> ^ 20^uiJ 
G(t)=k(* Na .[Na + ]+l. HO [HO-]+A a [A ]) -oH 



^0 ^0 



[Na + ]=C n = JUb 3 [Na + ] = Z y JL >oP 



I HO~ ] =C 0 ~—jp~ .04 / HO'J = .AUfc 



AiiUJl G(t ) b jUt J f ‘A 7 _ 






o' bl^= 








J W) uis JXAj\ c/Vxa) J^XJ 0JoV> gwjVaj 



*0 = 



Wo 



3 . jvu/VJ 4 -jlaSJ 1 >. fluVil 4 _ 1 14 jjl 5 /v-flJ' . Vj, ^ySL^-J ., JjuJL) 

/rr 2 x/ 



n o = 



= 5. 10 mol = 5 mmol 



ty } *14 min 



iuji Jb«_ca X ( t ) 3 n n = 5 mmol 4jl*S3i jiii 

( fjWjaj tKjrf 1 7 



/w 



;l&>* JLojLLluIj £jLu K = 500 mL aam~ (o^JU) 3 _> 9-> 39 $ = 20°C oji ^ j»Ji .»•■<- 

j)L£= ,>»*»■ Ji^ V'=200mL \*r*- > ‘ Cfc* v..fc <_$ jjl - Uv*.All 

w* =9,0cg-^= 9 C =10x10-' mol.LT 1 (H^+Cl^,) 

■ (J* ^Ll*jS 2J| J yati l l £-Uull j£.Ui!l iUoU* . j» $j^jiill ^ 

M s<.) +2H ?«>- u g£>+n, ( „ 

• R =8,31 J.k~ ! .moC' . M Mg = 24 ,3 g.mol~[ 

.«jVcUi*U Jujlojjlfl will aL4^9 k-tui^-l 5 J^s«iJi iJla J^U- ^K.t.-.'i jji^jji ^ u 

• (jic ? jb»ll U 

jlil! P IcuuaJl (j Mj fl 1 . Pff " , = 1 , 009 XJO Pa'Aj Jjfcill La) Jjjt £ IttAtAll / 1 

ui£. i ju-k-*'] ) ‘ P - ^atm + P H 2 AiMxlL) 4 l i.a _ «3 JcauLi^ <LaLo«4 dJuajif j 

: JUJl JjLuLUl J^jl^. 




t(s) 


0 


18 


52 


71 


90 


115 


P(10 5 Pa) 


1,009 


1,034 


1,097 


1,127 


1,159 


1,198 


t(s) 


144 


160 


174 


193 


212 


238 


P(10' Pa) 


1,239 


1,261 


1,273 


1,294 


1,297 


1,297 


t(s) 


266 


290 










P(10-Pa) 


1,297 


1,297 











. J^UUl j»Juu JjJL> la£.i /I 

•i^ -4 -V ^ JL2 lJI ul jui u jjloJ (Jjl 4 . dJ^JLi A* j* Li2uD 4o£ OjLuJl Jl> /v«j 

.^ua' ^aU I Cl)l 20s : ^L.u 

.^_L#ji jl J lcm <-> 4x10^ mo! 

■ t — 1 80s Al rV»ll l 3 ^IcUuU Aj.03»3«Jl ACj^uJl ^J\£. . t y jjtliujl ■ 0*5 02^- 

\) JSuliall ^jjUi jit 1 «L> t — 1 80s 4^uJjl 

.JtUiJl lau.^11 3 Mgf^j 
• / m = 24L.mol 4 a _< a l ij 4 j^t^ iii ia)jj4i 3 ) 3 U 11 ^-^^, 1 ' , 1 ^^ > 



X (t) = X (0) =0 mol , Lba] , -q ^ 
oc +0 + B B 

y(0)= -TTT = ^77 - (2) .0X1 



-«C 0 F 0 



^ ^0 



y(t ) —y(0) — — t~~7 (2) 3 ( 1 ) cx^±^£jiaip 4 aj 



-aC 0 V 0 aC () V n 



aX (t) 



a C<> ^0 a C()Vo a Co V 0 



* +- P 



\ y(t)-y(0) = 



-C 0 K 0 



.w^iiajLaJi.ybj A'^/; =C 0 K 0 (y(0) -y(t)) 

y ( t ) — y ( 0 ) — 1 , 560 03^4 t — 0 ll 4jl ib^-Mj j^jdJi /^j 
X ( 0 ) — 0 m 0 / ■ 1 3 X ( t ) OjlxC 3 ^ya)aA L« JLx£. 
y(t) =1,315 LujlJ t =5 min aj^>Jji ^5 

F 0 = 1 L ) C () =10 mmol. L 1 =10~ 2 mol. L~ l o'U^> 

! X ( t ) 0 jLx£. 3 0^3*4 LaJu£. 

X(t)=10 z xl( 1.560-1 .315 ) =0,245. It)- 2 mol =2 .45. 10~ 3 mol =2 .45 mmol 

: JU3I kJ l C. ^ UVX I lg i,n-x I toJLlC .(4,_l,fl.ll 4 tfl il 4 l.i. ilLl L \S.J>) 

t(min) 0 5 9 13 20 oo 

X(m.mol) 0 2,45 3,67 4,53 6,37 10,00 

X ( l ) oW-^i' (*■“< j 




-i'uAiS J iw J7U. r2i\ iilij jilplil*ll CiU^£ j Uali <U43Lk 1 ail ftmffinfll 






P jj A f -U ~i.Ll AjJa ijUiJi / 
PV -nRT OjUjJU (JulUdi 013 UU iOi=Ji AJ-sla^) ^'3^ P 1 * 1 ’ o^' 

RT 



P H ■ V 
X(t) = — L — 



R.T 



••O-i! «„, =X(t) bV» P^' Js -^ •+^‘9 

: OLl»- 3 J' (J! djlij 
. m -t V (V *^ 1 • 

• p„ 2 =P- P u , m t- <J“-W0 p u -> p n, ***** • 

. T(k ) = 0(°C ) + 273 £« (o^i) * ^ ^ a»>> • 

. rtio/ _1 A' • 

T = 293k i T = 20 + 273 * 1*3 0 = 20° C . 0 LW 1 UjoJ 

R = 8,31 SI , P H = P-1, 009x10 s P a . P alm = 1.009xl0 5 P a 

< oj! 3 A* 1 < 3^3 JtliuJi ^ 50 UJ 1 // , « K jUli (V*»- 

K = J 3 Wi’f^= 500mL—200mL = 300mL = 3xlO‘L = 3x 10? m* 

( P -1, 009 x 10 4 * )3x 10 4 



■ X(t) = - 



8,31x293 

fr('O = A^x/0-VP-/.W»x/0 , >| ..J, 

A'f / 7 oWj JA 1 -* 3 

,Af/J SjUc 3 Jsa=Ji J »Ua>l' P <*A b* o^9^' *■»*** ‘OW» 

, p = /,009 x 10- Pa 9 t = 0 . Jj'Jf' J?- 1 b- * 
AT(0; = 1,232x 10~ 7 ( 1.009x10 5 - 1.009x 10 s ) = Omol 

, jL»oa P = 1.034 x 10 5 Pa 3 / = VSs < J ?' 1 b*3 • 

/* ; = l,232xl0 7 ( 1,034x10 s - l,0O9x 10 s ) = 3,08x 10? mol 

= b> 




: Jo+L* X ( t ) Oji+C g 0°^ 



X( 18 ) = 0,31x10 1 mol = 0.3 Immol 



, JUJl Jj-Lsjl Ju. .(***!' A^iJW ' j^>3 



X 

(mmol) 



(? 


/£ 


32 


7 / 


po 


115 


144 


160 


174 


193 


212 


238 




0.3 

/ 


y.y 

0 


7,4 

3 


7.S 

3 


2,3 

3 


2,8 

3 


3,1 

0 


3,2 

5 


3.4 

2 


3.5 

1 


3,5 

5 



JaJI ' 

^jtb J^sxoJ' I Aii JM>. dl< .t.-.U / 1 

Mg 2+ JLuUill j» J j'3^3 H 2 CX+>~9)^ 3^ 

- AJ r 1 ji a 1 I xLajljLU^t djUl , " il a f2. 

al~.O l ,-..Uc l Ijla ,n = CV AiVjJl K (V^J'3 ( >j! 



OjUjtl' b*> ’* ““- * ^ _ 

m * 3 . 

3jUl ** 1 1 . W — 

M 4 

= =CV' = I.Ox 10~‘ x2x 10~' =2,0x10 mol . >ilt J! Jjjaj “ 
**//* 

,(g) >11 J! f eg b 4 iUSJ ’ J‘3~ 

_^Mg_ = 9xI0 — = 3 7xl0~ 3 mol 

** ' , j 

Jb«ll /3 ^ 



lMg ls) + 2H; aq) = M g ; 4 aq) + H 2(g) ^jcuojiabu- 



^ Ms _ — n Hl- y«-~- . — ■'» iu ■ lii i-M JcUill (»j ' jy* 

l 2 J 

M (Wk) w w* • • • C 

3 Mgo*— — 7. 



"m* „ V 



.^lJcUiil^‘^^'3* Mg 3 5Jb>£^3b^'3* 11 j < 2 r 



n hl-a^ l^^'JtUuliaja^^3 ^ 



1 



r 2 



V. = j x mo/ 5 n ug =3.7yl0- , mol 
2 2 



U=«ll j£.UiI' j* A/g 









/I/4 



aJjUIi 




Mg ( „ + 2H 


(aq, = M Z 2 (*aq) + H 2(g) 


+ 2H , 


O(i) 








Omol • 
X(t) ■ 


^ iM. v* »^l 


0 


3,7 x 10~ 3 mol 


2,0x10 2 mol 


Omol 






3,7 x 10 3 —X(t) 


2, Ox 10 2 -2X(t) 


X(t) 


^LuUjJt iUbfcJl 




3.7x10 3 -X^, 


2,0x1 O' 2 -2X max 


y 

yx max 


X max 






„ __ La?- aiVUli J 4m**- ‘ H 2 o' ^3 

"tfi v 

v m 



y = 24 L.mol ' ^ m 

V Ht =* H ,V m '<* 

~ 1 , y =3,3xl0~ } *24 

m 2 



K (W2 ) = 7,9.10 2 L 



[Mg 2 *] = 



V/ = M ^1 

y 2xl0~‘ 



[ Mg ] uU> 

[ Mg' ] = /.65x 10 2 mol. L '] 




* 

y = ! 

*x 2 



max 



ty, * S75 



A' = 2,55mol Ujo)^' Js^O- 4 

mat 

- y = IJSmmol o^l 

I JoOoW"^ Is-lAjiiJj ‘ A-y } 2 

l = I80s «Ul> J JtuaU o^ H 

, Pjl ..»■ JaJU JcUuU a -L».7.s0l JU.^' O' 

v = ^ x ^ = f/ = /SOsiiU)ijc^ l a" u< ^ 

K' cfr D . .... ^ 

B(t„= 250s ; x B =4 mmol) . A(t A =100s ; x A =2,6mmol) 

V ' = j^uii = 200 mL j 



1 v x b x * — . 

V t B -t A 



v = T77 x T _ T L 2 00xl O' 3 250-100 



l __^Z X 10' 3 = 4,67 x 10 5 

isn-ioo 



v = 4 ,67 x 1 0 * mol. L 1 .s' 1 



180s Jut V H , o^-Sj-^' (V * 3 “ JV * J ' 

X - 3,3mmol o \t = l 8 0s «&*!» ,J o^ i>» ^ 
X = n H ,= n Mgl , Loo! J**?- -u-*»3 

«,. = 3, 3 mmol o->! 

n 2 





^1/^J 

|J yUJI |^i C Mfe ||fj 

© .»>**)! 3 gM< 3 <^I>41 3 



< Uuj )\ 61 )# 

< jj>i 2 oj 3 »<* 1 \ 




AJ 55 JI 4juL^L» r }U' ^jG 




^ UjiAJI bluRiJI -1 

“1 — 1 

fl 896 j»lc ^ 26 j =^j 

^_yj 4 ji 4j3JLuaJl ^a .^% 4 ) (^Jj^SIj >j^) 

jl$ 3 o jl^=> j* rMai 

V | jl> ) clj^ui ^Ijji 5jju > flll4 ( cliche ) ^uLu_>- 



UUj ^jG JLft £ ^Ul jiii»Mja £j-> J^b^^^i ( ^33 4(<Gu5^i 4 aG^L» ^j’Gj 



4_JUJ| JLjLLJLi Jjt^d SjLC DJuk 3 j.frzz 3 . 4 olC- 4 _G^ubJl 4 juI /^1 3b \ 4 ^~~> 




. (^jl ^c. ^ 3 II 1 ^JlC 3 b! 4_>i ^J J-Aj) 4-Glnij Icbuii} 3 . \ i s\ . \ *j 

4 ji ^J-Jjb) b jyi£=> 3' >^3 jliij Dj-li 3 j ,j^ jjluaJl ^LxJj^I 11 

4 Jl 5 L 4 J ^ C O^ 1 4 ^}| £$Ul Jl J^33 J } l 3 $^ 

.( j ^ 3 j ^' 3 ' 

.(la radioactivite ) (^u^yi b>L^ui 5 ^iii) 3 ^nUaii 0 jj. ^,*-14 * 





[&>■$)} (i_g j3^-»-LK...5 ' lSjU) -~1 i^A-l (ttjlrS'ill — Sli d V— j 2/I UAA Jou 

joju 3 c j jirr^ii jjt ^ 1 8993 <*1898 i_^u* jjj (t 5 j 3 ^>-jLij) 
.(Ra) jjij (Po) j» 3*1 $j 3*11 : ua (» ^iii^^jji <li£. 1 jllu! 

.jIjjj l 5 jL« 1 >• 3 ^! sbjjjji 3 3 ^ » jji?- f 1 903 <u*u 3 <^j 

^yuuJaJl 1 _ J cLib 2 ll Jaliti ill 3 .c^ll-cc j Laj jSj 

^\ 1 a ^Luaajl ^^clxuiVl laLubJl — 3l - mi --= 3 ' (AJ Jlo3 a 1 934 AJllu 3 Loi -^*^J 

Jg Jj^j 3>il?- *>j! (jl^- A ?-3j3 (>45?- ^j-^) 

1 935 4 i n * ) cU^-uiJ' 
s ^ b 6 uy , ’V ^pVjSiiiV do £) b ) 2 1 

jJLu^j ^5 jjl -^*_i lU-ll ioUIiJjl ^LuJi==>' jbi ^1 

b j ^ iC —' 4ll^i fc ...^3jjl ^Jl oj\ AjuUoIj bj$u * j 

» ^Lx*I<yi IJL^J vlg ii Jl v_jjtl. j 
j>i 4julii j^p-4 (Gjlj jJl GLllj^yvSJ! 1 ^jjG ^4 ★ 

9 tGitjjJt iu^ji ^yo J>i >4 4-aul^l 

s * >. V-»j JA3 9 4 j>-Lju! ^jS. *-} - a ' *~~ — » ^ 9 £ju^aj 0^3 * 

9 1£.\jlui! ^jllrk'i ^yJl 4l ^ll j I jxjlsG 






t Jlxj 5 0JL>^ dll JL«aJl 

ol Li -i ?-53 .<uib 3 ,uiJ> (* 5^*11 > 5 ^ jjjLi Uauul 5 ] 1 J$al JiljJj CiUjl 2 lU ^3 ■-.... .1 a. i;. IajujI 

t4 l jl lc wjjLxj 1” Q J ^l^]Li IcJLi *<cULx3^ dit^jM. 1 . - 1 1 1 — . l^j A 1 1 d 1 1 i l .-. I^J-.ll a 7> * 

■ ri.a j .l oil l cbjjjJl 2di JjJuij jj 1 _ J lc. IcaJulsg Jji - a 1 ■■ l l L^j laj ,_yjl 

b^Uui . l a id clUj ilijjf U cvldJLxB .(aLl) 1£ ^(^>1 «—4 ^ : *-li)j > 1" .1. . » i j ^ « 

.c UUl l dJLu ^yi ^JjjS ull.l^j .L>. Lgj-aj 
ilAl£=b>- >l^ag 3 .Ig.^l c .iLu^uaJl^ 4_i^lflllj 4j^_iil^_<lt ^ J^i , 'aA.-.C-A jl,,, -,VIa 

fl l l i4 a^j^\\ ^ A I jl^ll £ X 1 A j^ ^ji i A .l^i 1 M^A l ^i -c. 

Lai . j-J jLl!1 Jr*-^ ' L i a 4ajLuj^(J ^jLiuJl ^VC . “ il l *\ A .^uLl]1 ^u\ ^>~ l(]~L.7i~.ll ,^ 1 nil Aj jL ■ ~< '■'*— » 
ej\ JljlaJ i ii a j^SJl ( jdaj^3»ill . , Li mj\ iujs* j) ^ A. i.^ll < La) . ~.a,i.~<^t (TiA 

. ojijJl («ic CxjlSLa « *n» i l l JjLuj ^)lni i j\ .((Jj^SLi jlj 1 _ 7 Lc. 



<LuL (» 5laJl TrlgJ-A cLu j ^ jjLjl Qgj -L>- Jj (_,-! 1 i_i .Ll>- 3 J J~M. .Vl ^.lA'. A£>-y ^ ^la <ulc 3 

iujlj^fljl ^AljUII a g d g A j cUUJl T;JLl U^=> JjJLu V3 t( _cl V l^All r Igdlla .IAC3 jA^Jl 
0 j /i . * '~~> >'i l» K.i l iu L . I< ilf— > .A1 L>-LuJ ■ 1 1 <j ■»' lOj^sljJJ jLala UUI r l^La AjuL 

CjLj ^Ull JlJ jy-Lu\ AiLJjio AjLAdu^ll ^j_u^SLj ^JJl ^1^ ill j . A~» Aid AjUdSj .cL^xflJl 

4 ji klLlj . tb»- ^Jl Aju» ^3 Aj ^Ioj jJ n 3 jL-»~.... a cb.3 3I .^laJla JulaJlIII O^ 3 

Ll& 3 .t 5 ailt j»"A iU . ^Jdulj wdla V ,^s all ^Ua^jJLi Jm'i Uid'Aj AjC.bo (jji Ad-4 JtT.1 

. jUlu 3 ^I 3 ■ .IUaVi jaj J.^nlig ^Lk-xJl 5 j^j 3 at jJl l j^SLs 
Li’ 3 .JjJLill Jjjl (> 11 S’iILi (Jaju /j'i 1 ’* .^ 14^1 . nnVi jl LiJji .A^L^jlaII 3L1JI Jlj Z Lul'i^— > jj 

‘Lftjjl Aj tL ^oAJl ajISL> j j “‘ 1 o' Lljljjl > * H.'i 1 -39*41 ^ 3 03-^L?’ O^*-^ -LU j ^-4 ^^LLa 

|Aau4l .liLi t L LA 4 L>-La^= I 3 aoL>- ilUj 3> ‘ jjaSU' lAjiJ 3=4 fAg'il_i->- 13 ^^= jJl tUiaJl AjISj>- 
.^jjjJl 3 (j** (janaaidJ La (<1*43 .J1SISLI1II3 (jWjjlall A£jb*4 3 ^.i^llj si J 2/1 AC 3 

-c-Lj^^aoJi iJi J . . A , ; , -' jj 3 ! J|*-».| ^ »=iJL>-3 <uji jjd# 3^54> *' (3>( SLuJ ^*A.i (ji li)3l>- 

i^UJl |AdA^ 33a l i ~ »A fl> (tuaj 2/3 -j»3j 3 LuJbJ 94a I ^C 2 / ul^jacl Uj! .LaIc JiJj 3 2 / 

• C>4 ••• ^ ^La^Ji Lh?^* ••• 3“=5 Li jvC ^Lua b ...,_^l33b i,‘ ll->-i .(Aa$3i ^yaQjJuuj (ji jy^j Iaj! 



.^tJLdS ^ala.^a ,jj_3-l 






« J**. 



^^b-l ^jl jlld.2/1 







dog© — 3 — 1 




fl |tjm -V r /%uM^ 

<k=+ 2 |e"| , 

m o = 7000 m c . ausjt 

4_LLta^*-ao*Jl _L»UMjJ| 
a »‘~~> 5-1 • 

4l$ll j 4 a»» i rt 4-oU'i 5 b * 

4 4. 4 

2 He * *^33^' 

0 (i jt^M> 1 

cjp=e 1 4 iniwii 

adssk 

j»$ll ^ a i*~— > 4 ^jU.) 5 J • 

O' 



rxJ %.=». 



r 

111 — 0 1 3L«JJLa 4 ilxijSL-Ji 4llSJl 
j|^*D 4i jl>- 5 J 1 4^m3^A3J| 



^Vjo^V .^^V^luiyV ^pVjlkilV ~ 4 — 1 

bje i... 'i j nil ^j\!Ljl]I b ^a ^jClluall ^^yclxu/^l IqLii ill -3 1 ■ r 1 ~ | *-= > eb p 1 934 4juu b>a <__ y iuL>- 1 1 j 
j — » ‘ c { ya O^jLo ft uU^iXJ ( /\l ) P 41 ill AstjJ Leo 13 Jl 3 j) .(j>; 4 => jrr? 4 a! ) Ab>. 3 j 3 ( 3 ^ 3 ^ *—9 4 ^- 1 4 ^) 
-ji-L) a . 4 iuiJ ,-.-> i.^-.l ( /A / ) e|-»i_iflie-> I 44 ) IJli • 3 . Vail La£ 3 i La. v ic 3 .( Po ) p 4 b 4 J 4 b' jia 

e»'~^ JLi'a irn-y l _yt J .(Positrons) 0 a . .. ~i I V.l i i> ^ 4 ! b )- 4 dL*jiit». jOnaj 

b)i/ 1 03Jvjj3J jllaxuaa ujLi l_u& ^ya 3 ) d V^-lS .1 .ebbb^SJl 4 i- xe ij l eba_<3 (jiifl ’i j ( ftl ) 

.(j3 1 ) ^ Li) a) iO i I l 

^a .L a j.-->‘.e- 4Jua ■ a a tall 43^1 ft >~»l A_m»T* » eL3jL3 > b 13 .U.ii a ^SLj ,-aJ ebjl-l_Jl j (* 3- ^ 

.pi 935 <LLu< eb^j ail (_4>4j 1 4 (OeajJl . 3Li »i £r 3^fl IbA 4^! L 4^3 



: (jJUU^a l^sajLLj >lbl £r? j 4i-Ul ^ ebU. wJjbbb Alleuid aOA ^ Jula-MJ j c L*k: ijjvil 

IjU . AxiLll ojUU iujl . iA, jS .)l j\ iujLj^ajJl eUbJb tjla jj V ^Lx*i^i -U l:, ,1 i (Jj^Sj) ^UJl jl£=I u 

^yiiJ- 1 ( AjjLc. ji cuLaa .AilLui) SjUI aJL»- jl A?-Jj .laiaoJl :<UJU)I Jujb^jiJl JLa-l UjjC. 



1 >« jy*J ^ djuliil OjLaJJ aLul j A i^l l ‘'JLsJl O' .^LxbVl l^ioLLj jbij ^ a., M i jjlil 

jjClaai^l JoLuJJl ‘L4 c -3 ojlib l .ii l j«j^= d lr> i "i ^ 1\ ajlli a .<-u.r. yi 1 j-. . ,u, 

a-sUU JUJb 3 ^ 3 >SJ^I ^o£=,jJb JbLb ^ 

■ £4! b^ 4 J ( ^j B a wiiJLb ^ 33 oJt ^ 1 $97 4Juu b>^ clJujl .1*-— >b ■ ia'A *. 11 - U »j 




3jbual cLbuIii !^*ui Ij^iu j ^UJlj (ft) UJ1 abkuil ebb 1 a. v ~>-i 

(P)t« 

( _ > SLaJ (j3) AjLiil bjl . b m a ~1 (jJj^SLi) (Agi.j 1 b>^ .cLalC. SJlC Jb- 3 ^ 1 899 el '. ... £ 11 

\$~I. i>!» 4-uuj tjl$ >CJ »* jilf^Lxiua Ja>* w_3^jfcju 

1 om M j v ^ ^ [J 

tjj ,j» 1 O / / <A_Luj (j(|<u4^j) — »' ^_yJ' 



m, 



w 



jJ* l^xlc jIL^ol I Jl) UU_i 6, 1 <11 > Jjl 



Ja 



. ObjjeSJ! ,_4b ^ ell U_lii|-> - b)j! (fi~) 



.iUjLa Cal a j...~>- l _ ;r A ft abLuii b)l — (jabeaiaVl ^jeajLing- i ya — ■'■• >^->’1 JU.3 (*, eSjLa) Lai tl 

Lgji (J! b3l^j«jifl A4f>- djLuil 3 .^jiiijJabjLa ^ ft bjLooiiap- <~&y>- & Jaaj 1903 j»lc. II 

b)i L$i ( m a ~7 000 m ) a v a > ^13 (<^ ^—~t7 \c | ) 14 * >~*‘u 01^3 •<*.i.~>- 3 4 4 . . t. 01 j .'iUjiuv 

. He 3 j . 1 _ eg. i l 5141 l ' La ft ^A_iin_>. t b)i iAiii£ 1 i~i .n ' 3 .(m f~4m 

^buli! eliltbuiyi b>a wjjb ^ 4 ! J 3>-3 ( Villard) (jUijjjaJI ^jjb^aiJ' (oJLaJl bju pi 900 4 -Lui ^ ^ 



JJjL. O 3 T.i 1 a 4^5 .Jljil j a «_.lA»r eujbu jj 4bSJ .ebb 4^1 ebibVU ^JjLa-a ^Lxb| 4*3 .()9 LaU. 




^ jlr*> l4- X 4 fl ** j 4jlua 1I Jl^li ^4 ^ Lauu^ 1 j^*i . V 4jJ : ^ jy i m La cLxj 

”► 

.f j->* sJL»Mj Jj b_3^3fcJu dJ! »^i a^^xoJfcll 5^ 4 jMj uJ jo J? j 4 £r> 










4 | | 

.ft j* 3j.ljgll aljj 3A (< _ i » i -> - ,_)£=> jlAua! 3A i (ft) Udl ill J 

■ Jlajjau ( ^6?) kllljjyiSLl! jl.Aua! jA I ) l^XI >_lSiuJl J 
.( »llli3>jj$J _)Uux>! 3A : (f$ ) bxl iJiSiuJl j 
iillo oij l^jSJ ajinjlnl^aj^^a oltbui! ^3 ‘(q^) *1^3133 _>U^>! 3A •• (y £U*i|) Ult jl.bo}ll J 

.aJIa 



◄ 

.(y) frl«.i.j J j )3 (ft) jjSSLoiJl kliJob l iij i lm Hin i l l jxolxx!l » 

,(j^^) . ‘ . -w"> 1 1 f ' i AxLlI j i s~) \ iil l t 




5 , r I. ...Vl JoUauJI * . 1 1 Q J * ^11 

1 j^A ^aIxui^I Jo'ili ill d jAllb ^jC. . HmMI ,^1 jia 0 A£. -Ls>- 3) 

j) y> .^aa JllC. 

(Comptcur Geiger-Muller) 
jju bjb Jj jli*».i >(( 3 ^ JSLuJl V->_n .i ,i Al*A Lix» 
.(^Uua tlj^Jl) jl»J ^yjl (jj^ail < *H« i l l 

Mjfl'l ' (]** !«■■■ ) tjl3 ‘* 1 *** " 4 >~ fcl> 3 

JLUJ3 .F3 C j\j l _ T jb j >4^> ^ >•». * '* J 

j *. jju • « JbJbj . Cv »^/l v B . I* iC a jlwlJl j\£. jaj jbl Ale 

j£j> 39b j«ij jj >3 .A («^all j>c j-*ajs L/ ba1 lj? jb_ > 4SJl ,£3^1 J 

.vllljbiVl jlO£. Ji£- JA J 3I .Aitkulbl £AxujS .03^1 

QjlaJl 



£Ubyi ij(3 .(Mia wo-3lb) 0 3-* . la ,_^b ,Juil£j bij^a l^jl V! jm?- J'-it '-h- 4 3 A .““- 1 
A) ■■ JUibs iijjb ^jSJl ^iuiisjl I31 jav Cjb3jkSJl jliiS kfl34ll <bli njjliJl '<^^- >-J3tbi ^ 

.UgkAn ^ a jjjili jJl kjlykil JiALbJL9 

^oAjO A 3 

. n‘,y-.i ,^^5^ Sji ^ aJuc jOiJ3 kfi34Jl ^Lb ^33^' ^buiVi ^ bys .sUi Ai>J' 

J^= J (*Ui kill jjkki) baU l >il bJ>j Al»j U4 ^Ub^i 131 J-*J .A3>JI clb»a Abbu J^= 3 iM jbv 



UJi 



L r»'-» j 

t y? J y 



W> «S* --#* 



1 



\V*\1 7 




' 0+ -~Qf 




|3 3 i» . > 1 (<— j' 

V =+ I e ‘l'»^ 

m p4 ~m e _ . aJuSJi 

ibxua 3 ^AdJ| JjUMxJ' 

03>£jy* ■ ^ * 

JI9II ^ 5 4 _>jUJ 5 j • 



^aVio — 5 — 1 

9 A . ^ ‘i \ . ■»- ^ A~m 1 il^> U3 9 icaL^uJl u <3 



.y ^Ijlui !3 j$ 1 ^3 * k ft ■'*'* ■ ..."^ll ^ a ~ i . . . 1 ' ^ ^LabJl jl. l i rt Vl 3^ ; biUJl _i 

( U) j»3jjlj3oJl ^u» (Sbbiiil j— «ti»ll jl) SlaAll ^ibll ^ j ai uT i utlikiVl JoLuoJl ijill ijbaaJl J 

.(Po) j» 3x13)3^13 (Rd) 

jeabjj^b 3I ^xaiall 4xJ3>Sjyi AjbJb l^J A3 Ma 'i .JOau ^133^ 5 ^Alla 3A ^Uiiyi JoLbiJl J 

.^usUxll <Uiu 4J ^yj b .a . i ^ . 1 1 



AjjlA ^y> kAxjbyblll <0b«Jl 



, .■«*. ■ 'll 3 a ..M i j| 3^11 a_.*.i .j.fl'i AJbbb jliij ^ uCbuiiyi JoLibJl j 

a\\[aaj^ <uL ^3 



9 A**Li> ^o^dLijJ' ,jX. jjLtfJl J^IjuLV '3 ^'5^' ^ ~<^j 









■ <S1«' ◄ 
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i, 
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' ' 2 92^ ‘ 2 92 ‘ V ‘ ^ 

• ?// • | 2 /-/ ‘i '// = u* (H) jill* 

— jUa^U ^ 

jirVitll jjllaj *^4^3 <<Ul.lrot 4 4 j a , iu>i.ij ijjliajJ' ,j 4 I r'tj l 'i - 3A (X) * 

Qjjujil -oJlaJl j)lU» i > Jiuiill IJ45J3 •^_)3-lJl J5JL3J1 j ( iSOtOpCS ) o^i' 1 w Loej JL>-I^ll ^jjl j 0 jSIJl 

.MUi ,09.13)1 j^xiaJl jjllOi) jl£ll j-ij lSI .( iSOtOpOS ) ( AstOU ) 

■ >iUoj 3 jJSLui iaojiaJl j 09-34 ( U) f 344^34)! 

( 99 , 2 / 5 %>) l^Luj wj'jjji j. it i 44340 4 i n , ii ^ ( J 

(0,720%) ,^ 31—4 oijjjt jjuu 44340 4 mi 1 1 ~p 7 / 
(0,0056%) ^luO Oil jOjI 40*4 44340 4 mi i 1 “p f7 
•('^C)£“‘4o9'’ jS}\ jlifjaaJ} *^C ( 1,1 1%)3 (98,89%) : ,jO wilioj (C) 034 ^^ 

(0,015%) | - // f* 34j i~ ‘ j 1 '' '3 (99,985%) jff ?3 (W) c»*~ 3 j "'- i ^ y^ic. 

\\H) 

(particules subatomiques) ;u,oji oxi ^0*4) ^331)1 > ^1 

,Jy U£a LS334J' ojoj i_jj9 lo) ‘OSJ'j ^3 034339 2 (Jk. \£ $, I V i ^yJl j» ol^j 3A j ft _ >. »■> - 

(jHe) 

.( ^£?) 1 ^ 334)1 4 J 0 l»x 4 (Soddy ) ^$4310 j^Jlxli 0 ^ £l_^ii,jl£. cLu •. (£”) 037 ^^' 3 ) j5 (< . » » ■ .•> • 

.(_^£?) 3^ 1^334)1 * joj 1 03 y^ 4 ^' . >j. '1^ 3A3 (C ) o3_joj3Jl 3! ^ | tjm> 

. 0 —A 4 jJul ^=3 0 — X 4 uti, : i(jjl^) ^33"*’^ &joj I ‘y 

, 0 —A 4 ~i \ "i *— > 3 0 — X 41 i“-i» : (.51 ,(^V) ^33^* >v 344^34)1 

(®V) LS334J1 ajoj iV 344 34)1 , >_i. 




-oV^V jV^iuouV ^*^9 jV>AivuV — 2 ~ 2 

S)jI 5 l jiyilwjl ^ AjjaII 4JJ3U) 5 jill jjjb _ i_i_2 

41 * 1 il-Jl ^ 3 J ^ 2 >- ^i .1 ^allaJl <U^ji <A_txLc.i jl^jcLLtuI fl » > Ai frs ^ 

5 ( ( 7 ) j» 3 JLjij 3 jJl(J! ( H) jjj>- 3 >JU 0 ji 
I4J Jj-.V.-?«j ^yJl ^ JX. j u i.a ~ i ■ a 

y ioUu 



: iuJLLll aujlilb «-lLJ j j“lO \ 



a_jj\_j ^4^=3 4 4j $=*jlA\$ Sl^jjl j ( 4-0-4 4-ub ^SJl ^JaLoJl f L^ 4 

l.\A ^ 4 j<~ ,„1 a J kja~.,. a J.^[ i»ll A. A ilf'l (Jjl Amj .U>ll ^ . t-t. 1 1 i \\ J^C. )\ jSUuju\ JX. ^ l^bj 4 _x>- ^-4 






jl jauii^II ^Oixg Jl jiilui'JI . olgjjl -1 

■oV^xiv — 1 — 2 

4_jjj _ | _ | _2 

.(/C 5 nucleons) oU^i K i | | 3i ijall ftij’. . -il*.~. 

$ ^IjU jjji L» 

•• Ia 4>3 Cj\^ . lentil olj 3JJI <] 

: 4 jJllJl 4433^' 43 llc 9 J 4 j ^ 1 9 1 9 4 Ju 4 ( 4 j 33 j 4 j) A Qt'it i i ~^\ Q V. ^ • (P) ( 113 ^, 3 ^ 3 ^^ 

P,»>j 

q=+e=+l > 6xl0' ,, c 

I A i i ... l l 4jJji^J 

m =l,6726xl0‘ 27 kg«im = 1836m 

p p « 

l,8xl0- |4 cm # » >aa 



: 4443^ 43U04 3 f* 1 932 4 JLi 4 (J-L13JL4 A >■ ) 4$^_jLrt4^' («J1 jl!I 4 4,4 A^pl (J33J 1 (n) UJ> L ^' 




n,»>j 

q n =0 c 1 i'«>4 ^ 

m n = 1 ,6749x 1 0' 27 kg , 

I,5xl0- |3 cm #»>a 



>j -2-1-2 

(X) w '^J n ^ — ‘ yj*j£- 1^1 OI34J ^4 



OL3J' JOA - 
0L134334JI sju. • 




JJLxll ^1 J JLaJl luaji ksUb^J^^Jl 4wlX 2 

.(N) C)l 43 >iJl jj^ + (Z)^jl 4343 ^Jl JOC = oU 3 jJI 4 J^: — ^jljSJl jjlxJI = A 
A=Z+N 



.143^4 1 43 j >4343^4 92 ^344*4 ( L/) . ii rt-wu j» 3 juij 34 ji 0134 • 

143 =N 3 92 =Z,o a 
A= 235 : oil . A=Z+N= 143+92 ,aju 3 

• 92 ^ 4l yU ; 3A , i 4 -t-it.il pfjjljfjJl o' 34 Q3^J ^3 



(Isotopes) -3-1-2 

tU 4 ljA3 . j-jUclj ^ a. n j (Af) ^jli3j,jJll 4J4L ^ 4 all -> 4 3 (X) 014343^01 4J^. 4434^1 (_)^ 

^^j-4 
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j^s>\ d- 139 -Jl D^nJl 9 SJ j\ j2uum'^\ Aifllrrx a 4 ^O.a.i.j^ Z < C20 l$J ^_yJl o) ij 

. lA j\j7xu u \ ^jj l t_£jL)t jjQ jI . 4_j_)^J^5Ji j^jSmj 

12 * gk 

.ajfl ~ i. u a 

.bjjLuuJi oa! 313 AJL 3 N = 2— 6 o' lie l-.-> .\b 

.a jfli.i. a 1 ^( 7 / al jj o' 03^ : 

.a jfl ~ ....a ai jjju 1 ^ujiuj N~Z^ N— Z+l oin>-Vaa A/— 1 8 : oa! N=35-l 7$ Z—l 7 . iia. 

20<Z<82 a i 1 1 ji j a ~ . . i j. ,,, n \ 

JUJbj .alj A3 aAC ^Lj jjLfl'i'i 20<Z<82 Jb»il (J! 3jAlull 

4j5f .4jlb«Jl AJ 3 AJI A 133 AJI 534)1 oUbb . ^jj-’l 433 - ^_yJ . Ja*. jj U ... >c? jbj^SUl j3buJl a^i Axa alajj 
534 J 1 jjx. aUlal alajo3 . 5 I 3 AJ 1 (Aa«a>- ala j_> (Aib 3 . 51)1 3 aac abajb 

I AS A 3 - L jiaa-Jl lfl.-l» . ' a jjlia j-S- a. l.it ill Ob^Ul ^ .»i.!.~ll AuualU - lAaLui I a*-—. _ ^ . .-. -V 4 ^ 331 )! 

. 5131)1 jljfll ...I j * ac 11 ..... U-a . A jula^J^SJi a^oJl a. l ... o*® .. a 1 . . ~.-u . ,^\ 4434)1 4433 !)! a 3 I 1 3al. o' 3 V . I 

^ 443 _.I 1 ' aJi^ jij a~ ...i j ... a t . a . ? a . . *>. ia i |^J i \ a. ‘ .j ^(J 

AJ LA O'® j£=a i ( Af) vljb^^jJl AAC . I&jjS o' )ci».^b 20<Z<82 443-1 if I J! . Vj. '->■ O'® bjiaj la! 
Axjbj^SJl AlatUl ■ fl_iflV~i J-C J»i_i Ajb 9 JUJI O'® AaljJl AJjdl 'A &3 » (Z*CN) j!i (Z) Ob^jjjJt 

y&~iin\ jjjjJL j I. V ^23 ' 9 ^ 9 SJI ^JsLIljJI b ^3 ^jO dJLli — »* 4 _j ^ 2 l 1 I 9 -*-^ d ^aJl i La^o ^il 






Aiaj ^ — 206 82 j yg~ ltl ,a j^. 5i ^-,Pb (206) ^j^abajJl aljj : J^ 4- 



^2 



.bjju^A-t>\^\A\N>l,54Z) &~~1,54 

7 . 




Zs>82 AjLabJl jljfl~iml |»JlC jyjjAU 

jisLuJl a^i g i .r>~i Z Cib^jjjJl aac aabja 

.Aj^oil ajiJl tjA j>^al jjui 

aac (jLc. A/ aibjjuJi aac alj U^> laaa 

.b jJLuuJ* jdL 3'9-Jl TL-u^aj U lS> A 9 *^^> 9 ^* 9 -/^' 



Z>82 l^J >-a.lc ' J 9 AJ ijJ 

A + ,t. a j .^1 *kI \1 

a! ajfl~i.ua j>c al^j *'>> • 

.^iba jaoAx! al^j (Ct) i ‘ K a~i IgJ . •yl-»j 

Z>82 ija! Z— 92 : Jj la^— > aba J ... a < j 

■ Sjfl'iH.a J^. al^jjlis Aiaj 

5j a-.—U j^c AjjaMJ i ‘ Kfl~.ll ^3 ja 

9 1$ i ‘K fl ~ l l l . a . 



Jb! ^ oa! .ai^jJi Ji^ia aib jj3jJi j 3 Lb ja»j .yjab> jbb aaia ^ ji-l 5 33 a» f, Aib J $iJl J! Lb ^a^j 

.Aj^AIi Ajj^aJl a^AJl ^yaouj ajijl a JA .ASbyUia al^Jl Ma . 

, UA yijiJ' ja> J\£.y> ,jlc. . l a ' . tj Aaat ja Si ^aJl jl /»'.■ 1 jl Jja '.a -. 

(A^^J^SJla^lj^bj^ai >buLll aji /I 

.ai^AJi Ji-ia aab^j^jji ^b j^SJi jabaJl ^ a ] 3 ^a 3 

•i 5 j 3 bu : l& jjab p b a 

^j£. l^. rvu aa^ju aajl£= U44 aabjjjjJi J£=> jl JUb) ia>- ^ s ■. lAjab S ' * s 

• l 4 444 Ua3 ^yibj^SJl jJsbaJb jjbj t ji3Lj 

. jj- 1SL1 Aj^aJl Aja^jJl a^Ail aau. . n y ..H i .^3! 3^=7 3 ‘.la . lJ Laaj : l ^~ . .1. a 

AjjiJl AJ33JJI a 3AJ1 /2 

.ajb3J3jJi alu.ua ^c. a] j j... a 3 

Ji-la AJ33JI 3311)1 ajui ij.^ifl 1 j^-i QgijjA ^a bab«j liaau |jl«.i L^- 4 ' i ? 14 : ^ t.5 4 3 

■ (H) j (Yl) a>Aj luajij ( P/)3 (p) ujab«j aobfcj l .8131)1 

.(10 III ) a 3 A->. ^ o »l r*y fl 3 3131)1 ^$3 4 ^Si i juua3 : lAjob a A-a 3 

■ At.. .In)! ^5 aj j b‘ i Aj-u.lu.ifi ^33)1 ^ jilt". ~.j>j a j . — ■ : i^~ . a. 3 

if) jj^j if (o9>j 3 09^3 jo ) ^3!' o' l3 Jui jbi (saturation) t . . r. ~. 1 1 Aj^aUj 4^331)1 334)1 j_. a~r. 

.I4IC. 3 au.x.i)i ajb3-Ji J! la. job Juolj V3 .3 jlUa I4! 3j3btii ajb3lii ^j-a aja^li aali j 



(N) waUjj^i Jbfr j (Z) ^LSjSjjJI JL -2-2-2 

dl^iil j) jVuu) ^ac ji j) 




(N,Z) uir .^11 

( A/,Z) iabbu) j Igaac. ^jja 3 jfllull 433 ) 5fl aj-lj«j ( aj 

^ juis 3 ii 3 A 3 .(N,Z) 1 -»Ut»)i a 3 cai (N,Z) AJifaj 

. Jjlili JSUJl 

(N,Z) JubO 

lLaj>- JSLjiO ^ k clj^xu laljQ-i..) ALl4i4 S^JojuuIl jm-oLol3i J 

j| j 7t“ . .. Vt 7iU% 1 a 1 A y c . 1 *1 fli nt-> 1 a JC .ti*i 1 1 < 1 a 

zone de stabilite 
Z<20 l^J jl j20llu\ jyuiJLi 

j\)m £ju Z<20 4Jb>- jljfllaifl ADsala o' )U»- Vb 

: (^AaOu A)b«Jl 3.AA ^3 t N~Z . iiuV.ll (4 jflim ll 

. ajb 3 jU)i aac. = Aib^jJi aac 
3jfliin a o 3 S 7 . 3131)1 o^ N~Z o n-^~. la! Ajl gi il ul 
( 2 ! bu uSJ 3 j U iaa >3 .ASLmU - . a 3131)1 o' alltja ia &3 



( X JiSJLjl u 





■>' .y \ A i ,t. \ ^ ^ .-■. jlJluo) CX sJiSJljJl 

•03/0 ^3 Of>3*? 7 ^ ^3^ Ji (iHe) (* 3*0^' 
pf -> ?//<? + J IF , ^ OlSJiOi aJjLh 



2 9 yu-> 2 £u +lHe.. jo. 

ft jiSLiLJt sj 

( ^) Aju^>bu ;IJU-a! 5^ /^ J-lifloJl 

^Y -> + z +, Y + ° 0 V , ^ OlSiuJi iOju. 



14 

6 



. 9-u ^ qV 

C-> "TV + _?<? + ° 0 v : J^ 



? jli 3>S3! ^ 30*5 51 ^JJt ji ^ju UuJ> Ja>3 ? 03/^! j 1 -^! *>3^ O^ 



^ oi^-JUa .V£= 



C A ', li .. i.O <All I 



U „ 



: Jb l»f=a 'IjV i v j . > i r> 3 b^/'^S 03 3 S>* <-^! 03/0 J 3'* 1 - 1 ®*3^' O' Ol-H oil 



?->,'/? + _°e + ° 0 v 




1$' - • K A~ 1l >1 

.513O1 jj-» ( 'i'i?) aju^lu AiiUjjuj^j jiJUo! 3A ft JJii-Ji 
^/Y — > Ji'f + 2- 1 Y + *(F 1 ^ OlSLiili a! jIxj 

. 3-u JOJ' 3A (F 



14 

6 



c->V/? + 



> + ° 0 v : juu 



? ( +) 03/0 j 3J ^ ^ 51 3O1 ji ^lxj 1 Jos Ja.3 ? 03/^03^ J 1 -*- 3 ! *'3^ O^ 



•. ,_4j ° 0 V 3 ij 03jvJj343 03/0 <J! *'3^' ^i>-U 03 i 3> 1 J3 3 *- 1 oils •^ = 



(P ) /K fl 'i l4lQjb ^»j Ql|>ti3lj(a>a ~ <... l iaj»jifly .^' la .j-.'Vi ja_ 

AjLL-4 '-r>4^> i ^ OlAau JUJL13 .40^3^ JJLC JU>J 5 JJir. ^^-A-. .* 



.S ^fl ~ l m ll - 1 J — » J~ 1 

? JiJj ^aOJ -flj. S O . p Jiiiu LgJ Jjjlsu 4jLb^ 5I3J (*^C) •• 

a jiuAuil '-C al^ill^a AJjlia -jU3>0Li iubii ^ N=8 3 Z=6 ^ ^31^ 

.N =6 



'fc-> > + ; /7V 



: . 3 jVlm< 51 3J (J! J 3 - -xl la .ljjU3/lj A-lt i.l /-■> '. ‘W il'll l l^J bjJo«J Ujuc.3 

,(N=Z <lu>3 N = 7 oj| N= 14-7 3 Z— 7 ji et3i 7 513013 



A-. ^'.ll AA.t.l l .^a 1 ■, A 1 1 - 1 \->7 p OSbuJl ^j\jiStj(Z,N)iaieii>ii JlUjlcOlj! 

.(j^yLlJSLUl ^Icxji) j\j 2 lum^\ 4jakxl4 jLuj^I 

? J> ' 'i^"~'ii ^3^ . o_i^-> u 

(|^ * ) ■ 1<T A-, 1^1 . ‘v I-. J yLLOl^3i5l1^^jl^)AjU3J3^ljJUliJlAj3ij(l 

ajUaa (^3^0-^353^) 3} I4J J^Ws .^3^ ■»*“• jU >J3 ^'->3 :i 334 

jy»j J! jib jUl a_.r|-..^l l 2..M I OJiaj (j5 ‘ ) OiSiOl O* -A?0 (N,Z) l>->V-»il l J! L17ICO 1j| 

^JSLuJi J ^ ^ 4 fl ln *4 

111 A ^^-.-l i 51301^ AJjlia AbU3J3jJlj iu-ui oj! N —5 3 Z=7 oL> >00 y ;A^ 

^/V-> + '”C :^U^53ii-Aa5l3i J!j33ujl4JU^3 fi' .I K O-Do o' ^3^ 

9 t\ jiSLaDi £_a ^Ij > <1 

(X . * tea" u ifli - ^ « ^ji (A> 200 j) Z>^S 2 ^^yji 



Cj \ libuj >3 

gFS^\ — 1 — 3 

7 ' . 1a t'.r ^ .t.l l 7 .^a '. aIi 5I3J ^)i *jL^si 4| . i _ 7 £.btAlOl icalii* 111 1 4 . ^ V 4 *juOj j 1 1 903 AOlu 

JO» .UUi ^ "'44 .a 5135 J! 51 3J J3=Ou .(y) ^UOb Li 3-» . ^ >4 jjS-J (/^) 3* (^) ' <l -““-' > ' 

. * K a~, bjjc*j Ujuu -^SjUJ' (i^M) OSO^Jl 51 3J ^J! J3=0ij iuL^ 5 jU >J! ' * '' ^1 (Rli) j*3JO^l 513J 

.(^) icLxZu' (a) 

? ( Jil3*l 03- . I I) J 3jLjh«_„Jl Aj ,AJb> UUo JJl J! l^OaaJ ^uaUaJl JJ35O tlj! ^>0 J^S J 4! 







A(t)^V^/\*Ami}\ -1-4 



^juyu 

JJLd ( t) Ajuudj Sjuull Aj^jj^l ^4 ^ '« j * I 1 1 .I.V' L^l.t. <\l 

.(<AjuIj 1 ij ‘-^0 ^-^5 d ^ *-* L 1 ‘^~* ^ ( A ) -"ACCd"!! 

t AojIjJi ^ >■ * K h~i 1 000 i^Luj A() 4juLIi djLoU ^yjlJLu^l iaUt <ll ^SLj J^jLuJi LiJLLd j j 
A 0 = 1000 desintegrations/sec 

t 4^jUJl ^ »■* 3 > 500 — ~ 2^ : ~ a * ' ' J! k>LUl ^Sb Sjlo a* » u 

= 500 desintegrations/sec 

( demi vie) (s A**auJ i ^i) ^.^jJi v.J wVi ^xui 

.v 3***wll ^_j ? AjuIlII 5 jU. I loLli_j a_jl 3 < i jji . ~i a jll 

«j$ . Vj> iiti tica-u s*KflVi Jl^ll Jj^ajutia (J! dim 4 d-lLa ^jjO ■ 315 A." (//) bjJx Jl D JlA) 

»» ii . “ 

. IJLv /U^u t ) jSu l^b ^ ' t ')l3 t * 1 1 \1 . 1 1 J~\ i i . V i. 1 iii r l-*\ i i 

1 1 m 4,5. 1 0 a •. &juM ^ $Aa 4500 ^ jj ^jU tj . jijuo 

t/ - 1,56. 10 3 a :^s\*i^ 1560 j£> j> jjJljU // 

,_>£l 9 Vj 5 U<pl 9 ~ 2 ~ 4 
^LxS JA ‘O^ -(ft) ^llSliuJl l$J , ‘ . V^j 23H al^j JSis 1)1 Ujj AjuLJl LcLuutjJ ^ 

? a /Kfl-.ll l^J UUao ( 2 ™U) y> A-UflJ 

... ! V£= 

. AoJljJl Aj^aUll J .kill j yl.AjV j 
uli-iau ajI Of>-^3 1 g I g i l' i ^-. ( : **U) y> (ft) oISSjlUi jjlc. sUas-l (*j aluc JU.~h.Ij 

ui£. .oi jj j~x6,023x I O ' ' lg o' (*£-j .Axiij 1 j laia liSLaj 1 5000 i^j 

Ldi .ajjijji j jiii. 2,5. 1 0 21 \ ( a ) .iis.fl.~i oi^. jsj u> jul 3 .oi^j 2,5. 1 0 21 

jjam -ii , 1 K n~ i l la .tu. _n .li iu^ji Uiiio^j ^ (ft) . ‘Ka~ili jLUiuUa . • is «•, 1 5000 j±c. 1 f»J 

.^yjl C jy . JuJOkJ Ju .J_LL 9‘l djl^J 

iAujI^uiL ^ i fll > ■*> j A 1 1-^ jA i ^ j ^_iJl i * 1C il l ^ i ~i ~ i . i \ 

. 4.~u~>- , ^ , | j .-1.^-wVl j) i U>3 <LjuIuoj>-) 

^ i ' 1 i.-t ~v- j’l 4Vj_ulj^iJ) 

: ^UJl^D Jllll ^_yA 4 1^ ( A ) 3-4 ^jJL* 4J J-A AjOjLuJI AJulx)I ^j_4 lj 1 ^ Si 5J » * l*v d~l JIaI^I tj! 

a = 4 2 - 92 , = 6 .io - 1 * 



2,5. 10 1 



■ Ajj.fl.ll Aj^ji {yi at^j JSJ jUlo JU j->-^l ljuii 3 
A=A xl : Ll 1 ^ 3. V>-lg 31 V.* lSZilTl ^jl 4.L>I vjl ,^3 jbu : ^liL I 



y jtJiua^l -j 

"ojlif AJb>- (Ujjo'^tj^sfl^'j) (/3) 3 (ft) oi 

jiiiA i 4 iU .Ajauii i^iaOai ^uiii l 55^' cA^- 5ai 'j ^ ojsi o^=> .(etat excite) 

£) (Ufl- sr-'' Ajfl- 3 J» Jjlo "y eyi- 4 ? | j ,i, ilr. l iU }^ ^Uj1! J£j 1 Jt aailjll Aallali oaA 

= 10 , 2 m^ 

\^~i A\bv\ ^uilui^l Imll 

..^) A X WU ^u*1 ^ J 0-3 *(* ^ ^ * >^W a^Ul, ^ j~ 

Z ,(Aj.^c 

pc'-^pc + y 

( ^9^ Vj^jVs ) VJ93V9 - 2 - 3 

(Z) *.■’■ ' ' a ioOJ' laAU»i' n 
, ( Z') ^iu3> aoj ^J^i> ^ = (Z) ^ 

z=z 

( A ^ AJ-1> taUaOl J^) ^ *»**. : J 

, (A’) Mc\-." .LfljJjL,qjl' OJLt = (A) ^3^' • i - u: 

A=A' 

(Z) ioU=o' o - 

94 Pu >9l^+l He 

J J l 

2=94 Z’=92+2=94 

Z=Z=94 . oj) 
(AjibUaOI^O^' 
'fPu > ^ U + \ He 

A -239 A’= 235 + 4=239 

A=A'=239 -.o$ 

^rbcjiiAII toliilill ^ jaiiWH -4 

. lMl 3 - ,1 «)<— 1000 auuj 

i. _ _ - it - ii - --V\ .\» .djl^i^Ii AjuUi ^5 (p 3' r $ * - . 

( dt) 3 ^ ^ * 1 1 : , . l M 1 , ^ 900 

r nn -.vii_t - 0 a .« a-.i.l i ajlll a. .hh j OOl' 1135 I ‘cr^ 1 

v v.ii Uujflj ,51 .VflAa AjjUJi j ^jjjo- 500^Ug! =A- - c ..J. 

.(^uali AjIjli) y>* J9> L? Aa ^ Ua ! ^ ^ 




(t= 0 ) Alaajjl j ig^ji JJL£. : No 

( t ) tOajjLllJ JKflLll 4 *J A .a .-.' I JOC. : N 

Liji .SOa-lj <Ujb j SJU>.|J ol^j „ ■ K fl~l : A 

.vIISjuJi A£.^ J^H3 .(^J5ulUi Ojlj ji) iutbL^yi Ojb 





(jJjliil l JSLiJb N-f(t) <~i)l Q jjla jlxis 

tl wilu-t'l OjA il 

^L)* 5 

^5 JJl b JxiS 

»■ £<**>*> l 5 ^il.o ^SU a r h a * j «" w. j 

^y^^lJLu^! jJLxll 

2 ’ 

.5t$j No ^ t— f/ l j-4 

AjIJL) j) JJLxJl iV() ^ 

. Jullll ^xOuLxll <c\_) (^biJl 



: a»j ^S l i' lll J 5 jli J N— ~ j t— // _1 : Ajjbi. 



Afo — \/ > _L _ p-^tm 

2 ~ ° e ' 2 - e 

-\tr=ln(j) 

-\ti=lnl-ln 2 

-\ti= 0 -ln 2 




: j. 4jJl s flirfVi SjlxC. j 



^uVi.lJ ( /t ) laLit-Jl £J 

ljLjju 

■ A-ajL) <0 > *i ,. l~*j ^_yJl 21ilSLSLil_Jl J JLC a j in 1 1> I i^LXuJl 

AN 



A= 



At 



: . l A 1 .^jLlJI ^Lc plij : Alaj\ if 



A =A x 2 = 3A b 2 j aoa-ij iHSju JUi»-Ua 
Xdt : 4& (dt) ^i^» 1 V» ) 1 jo.Aa-loaliU^ISLii-, 

NAdt : 9 * (do ,_H»j j 0 JL»l 3 3 l$i (N) ^K.-, J l n -,^ |j 



(*) 



NAdt df i>*) J a sx al ii <u 



J_UL 



o -i! 



.(^Uiji ijijj) (t—Os) igLg ,5 jat N u ^j\ 0 ^j^u ^ jj*.] ^ 

>(N) liJOt ^aiLLu ( t ) AiasJJl j 0 j! 

.(N+dN) \*^o&(t+dt)-<&*»u\ 

•■ 3^ (t)j(t+dt) Ji ' t lrtnll l (dt) Ala^JJl j asbLoill jgjiii Jac jt 

N-(N+dN)=-dN 



(**) 



— dN ^ 3 ^ dt o*j£ ASiiuli <g3jjfi jjlc ,^jj 
NAdt = — dN : Jh 3 «j (**)3 (*) i lU>U . 

(***) 



d/V 



dt 



= -\N 









. hpUSLi Ijj .A/ (t) ^ 4 ^Jl (^J <Ullu_JLj A I (t) 4 jljjl ^JLai^a ^yL. jiaj v jl-Lail ijjJ 

JL3«U 4Jl4^ 



N’(t)=-AN(t) 



^bu^ab jJl (JSuUl N (t) J 3 ^l )j'<iMl 3 A/f t ) jjiill <UjL» 1 i aaJb 

3 1 



y'+ay=0 .1 Y’=-aY 



•b)b ^Ajia 03JU3 ( J3^! i3~“‘‘^ J 3^~3^) b>* <gjLc>Uu iOjbuj l^jj JUu tjJ 

? AjjUil flJlL^I M>- JLSKJ - 
: AjJllJl AjuI iA^blj^Jl ^ 

.4^*1 ajiaji Y=be~ ax juijji 3CJU 
Y=b jii x =0 o 3^ ujLit 4ji 
Y’=-abe~ ax 3A aJuJi sAa ^^4 

r=-«y^ 



Y^e'** <ouji 3* Y’=-a Y igiuaUiJi aJjuii j>- o! 



iV — 1 26 AJijJi 3 & N (t) — —\N(t) 4 _il;^-iUuJl aJjUIi Jj- g~ ‘ « * » « > ' » 4 b «3 
N 0 =ae~ m ; N 0 =a , oia (N«) 3* jjLt ji&> (f= 0 ) j o' 'j!3 



■ 0 £ . U i « Vl iaLu-llI (_yaiUj 034^3 3^3 N=N 0 e Xl 



: JL 5 «J 4 ju >3 










Ajj^j CiVjaJ A-iljJ 2 S^jSl 



_/_ 

e~ 2,718 



. Aolc. J .y^~* \\ JLj ji_) Lo 3A3 

1 



N=^r~0,368No 



■ cSi 



=0,368 



U^ (T) 3 (0 )3 (Ajoyl 3HI ^-ou A tlhf— > 

N () 

(5) AlcaiOl Alalia JijLi ,<0 .(B) AlaiiJl j ^UJl la>J-Uj3 ( ^ ) OJai : (0 ) Jl**j 

.(0) JLf«jja 



AUn'. j ( £) 2-4 ^laUu-ija ajJjijj (t=0) ALaaJJl jJoO-oU (Z\) UuU- 4 : (T) Qiyaj 

.(T) ^ \g ' i ' i ^-) la 

.(A) JJjlju 2jlf>'“»'i (T) J5-»j LaJjc. s (A) jyjju 
: Jy ( /A ) ^Ull Jy4 J-4 Cjy y ( T) o' O 4 o' O^ -4 ^ ; A-»l& 



( t — 0 Aii^JJl 



Aj+a—^Jy—XNo ■■ o^! 



A^jj> 



_ 0-No = No 
T-0 * 



-A No=-& 



\~Y =o-»! 



.(T) Oujju 3A3 



T= I 



: <XjuO 3 




jjjUJl Jbe* J jjC lxO)i’l Jo OOJl Q. i- .Aa j a 
j»lu±>.5fl j..g l . Ij. iT»'l a 

2 Jl£> v _ y g — j I jj kjflU oLuj^l 4 . \~»~i i n ' Jjl A „ 4 J < V fl l ' ^Uu^- 2(> - V 1 ^ 1 ' ^ A 03^-J^' (*’ 

.(lantropologie) $\ju}\ >**)i jl.jl *3 Aiujo Aiujcji 

^ * >*£- ' V J» -3 

.(air geologique) 3)34001 >«Ji 3 ! o^j*' r 4 ^ 

(traceurs radioactifs) cUiii 31 jiLO Ajoiu a 



A= 



c/N 

dt 



dN 

w\ 



: -t4 ~A ' ) jJllaz O^j 03 



— AN > OjSLj .AiiUOl (***) OjLuJl 



03^0 ( t — OS) Al-V^llt ^3 >2“*^ ./“aial) ( f) Alb^J ^ 1*0^1 AaLioJl ajUc ij*3 A=\N 



t O^! 



A„=\N 0 



: ^IJuLl^l iaLLjJl 

. a5L5Lo_l1i jjlc . 1 ... 1 ~< ~< j ill 

A . .I j 1 

A=\Nue~ Xl oV» N=N () e- Xl 3 A=AN o'Uj 

.^j Jl 2-4 L yiaLO j 3* jjC.lxO^l JoLloJl o' > - « . «* * ■ ajL^ 1 » j^>3 



A=A 0 e~ Xt 



• o^! 



La vie moyenne ( T) (^^i qj^ 31) 01311 1^3111 ^1 a 

,^3jJl j-ii'i 2J- 4 ^jj^=4 0)3 ^^3^^* o^ 44 ^ 1 t 4 ' 4 1 JiA »®'3^ 3~~^ ■ ii o' O^ 4 -’ ^OSjlJi 

a- .1 1 Mia (<o j-43 .U/lc. o-° o^ 1 ^ J3“-^ -Olioi!' J J ^' aAj> o' O 5 - 4 ^ 

Ijj .‘Kn-' I l^J .*■ jUl 2U3i5fi 2J- 4 ? 41 •^- 4 » J| ^3^ O 4 - 1-^ *'>• o^ i 4 ^ 1 

.(T) (o^A* ‘-A’^ 3') J- 4 *!' e j 4 * “-j A i i l t .4 9(34 olyaJ lexu< 3 il( O^A’ 

. (0) JlNoo- • j^aUiy Ujl^. .Aj3iifi jUfclla*4.3^io^ T jv*j a 



T = 



(0) Jl (No) JA ol jD' jU*' 



(No)iiA < 



■ O-i! 



T = -4 



; O' W J^j O^JH O' O^^S 



a..t.ti 4j3ii(i ^>4 (N 0 ) ^UOjI aac o- 5134 (2k) gyuiJ o^A' U»jI 3* = T 



(N=N 0 ) UjjJ (t=0) Aiisaji j Ail ^ 

a«a-4 jgc 0I3J (N=-~) U,jJ 03 £rf (f=T) ^* i! ' J3 

5 Ol) j o^ - 4 - ‘ ‘= 3 

N=No ■ JyOiia ialOJJI o^ 1 ^ 03^ *3 t = T—~J O^- 0^3»j 

N=No e-^Ko* 

N=N 0 C' ! 



-At 






CM 

'i 

J 

3 

o 



^UAJul uln3 

OJlilj 43llaJl ^ialSj 
^SL*J SjIIIB , jlu^'^'i 4 A^UcaJl^ b Jill o! 
.5 jLo J! I^L^bj ^jS ^ j .4 _sUo JJ 

> ^UIj S ^ULuJul (a jlci ^ 1 90S 4 \iu ^ •. ^^Luluul a£ 

(kg) 4l A*—~> : tYl 

. (celerite) cM^ji j fu-aji , C 
C*3 . 1 (Pm/s 

(J) a a -A ll AillaJl : E 

,(tn=lg) ig-a;^-. aju(ausji aiUa)cs»aiiaii ^aisii ud : <J^* u 

E — fTlC~ : nil i jl <A3 Mx. <_jl 



J! cd ^3«u I j) m IfllU*"-* 5 J La 
( i ‘ ) 4jl‘i 4 -— > Jiaju 43lla 

j** (energie de masse ) 
E-mC 2 ■. AiMaJb 




E=3.10 ,3 J . o-i! * E=1.10~ 3 (3.10 8 ) 2 



: s., .IJI^ I 



CjM£.UuJI ,3-j^Id ^ jG-u ^yJl dJjUcaJLj 4j jUlo 5 AilLa v _y&3 

.4juIjl4j£Ji 

Defaut de masse ( Am)jjs . ji pazuii -j2-j3 

(ll) <u_j_0i aIISJi &Jl>-c) 
ji (M) 03>^' 3^ (p) O £>3j>^ s' (£) OSj'^M i_P-4 o! " J 

jJ^buJl i (10 ~ , g) AjUj o^ 0 f_ > ..a > I4J (yX ) Ol$jJl 

( W ) 5u j jJl ^ a, \_i. >•>- a ~L>-j jbili-l («j ( 1 0 ~ ) a.A*Ji 

OSLaj jlJudl IJiAj .( 1 U) iuZj <1 fl.ilmll j»L*a>-iifl X‘-^ = ’ C' 3 

■ AjL4 JjljtUl 



. 1 2 ajj j ^ ^ (3^sai 



12g — Aii£=» o' f«a*j 



0^= I ;jJl aJLkJl ^ £*a»jj obbV j o^v b>.lic. ( ^V/ ) J'sl 1 o-a-xj : ^.Ul l i_.ll J 

Al o' UjJ .l$J LMaJl ^ ,_U*J Jill JjJl J3) o^> >*J ULa^ 

,aa» Jl»j (O m? « l l o-» b>Ui ^aJ.1 JjjJl oli ((»bi 8) t5i t,=8d J -1 r . ^ 

a ljd gfl JI djg^fJI Ci Uc Lull -2 

dojii\ t^9j33 v ^Vx)f3j<9M 0^5>tji\ — 1 — 2 
• ' ^ ...ji'j i . ... ^ a ... t ji^^- (X . ~ i\4 iu. aj ( yX) *■ a . i a. ^1919 a. , . . 

oi .4j^sbii . "*i ...aaIi o-» AJLuab 4JuiLu/ 4j wi .( spinthariscope ) 

^iaul ) CjIa-luObJI dJL& ^yJl Cj^5*-Jl >">■ Vf~=»^ SjJlUo uUj-l> A a hu'i ^Jl 

JlC LojI Ui== Aja3^JL4 ^51 j ^3 ( j/^) CJU3J3 Anlit n ill (35 ^>-3 ^ 

.35 A^fciLuaJl 3^ j U .. C *i« •( jjO) 

S (IjN ) jvoJu v a i^— » u 

: k( jia3u * <Lj 3 J VU ^yd 3 3 B. 1H IJLA 0 ^ ^UcG-uil 

a + ,4 7 N > ip + ,7 8 0 



.4.1333 ■ ~ * V c l ia~\ .Uv.^ l zi 1 i K a } J! \juul3 «-jLJl Jj 3^3 jj ^-~La 3 k| ^33oJl ^cli> a. I Ij D D Jui Cajloxu 

L _ y cl At^aJl ^yclxui^l'l laLluJl 11 

oc (A/) (*^143)^1 o-ij>-» bajiiu j* 1 934 buu* Sj9^- sjJs?" o^j^'s 

0-4 (qW) £-* . ‘n;.i' i ( Jje) ^l U.n .i -v Js?-s ( PO) jt djjLua 

ia .s-i ov o^ 1 I l i i« a g La. v ' . c ^1 (X OjL ft _.... ~^ _i (A/) • a,\a A ^ . l 4 c Lia^i La. \ 3 ■ ( A /) 

o' (jlc. JJU L*^ j«~in >j ( + y(®) OiU^Joj^Jl jlJu^al ,j5J .Ojb^J^oJl _jIJu^>! — ^ 4 J i ft Oil a _ ■ » ■ > ■ ^. ‘a4 j A/ 

ojla jJtuaj ^ (A/) ^^jul 4 jJjfla .(dbjjijj^jJl l 5') ' bl« jm> j. V u a j^i |j*3 aJjJa*- aaU 

.4.ca_i ^ CjIo-a u i ^ JI 



bjjt J jur* ll aU^abjJl . fi\l>\ 

•p 1 935 4 I... tb^jjdl a^jb>- OJ^'S '— 



i a > .,1, a a jb> [ _j& ,_yJl ajlll o' bbUIbuIJa 

J 3 . 1>J C.bj 4 aJl w <~l’,l.y JoLiuJl 



4 j f_" a 1 



j£.UiJl wi-AS- ( ( |/7) OSJb>3 j$i«3AJl tjlc Ja-aa3 (i/Ze) a ^0 -““? ^ ( 1 3 A/) >- 3 ^ 

4 2 He + ,]^/ » 3 ,° 5 P + on . JUJI^ 1 

, (^SjjJl JtUUl) JbJl biSbuJl ( + }(2) (3* JjUa^a. aj3-U jJL^aj JGUJI j3iU43il]l3 




dog^iiV ^ Vj^jVs 3 2 

3^143 »-AVi . y a j 3 + w Ct CjISLSLauJI ^jC 43»jLaJI 4._l» j. A ltaJt 3' CI3 j>u k 4j33oJl CjM^GoJI oi 

.ialiLSfcj^l 












, ^ iuuo?- *) (separes) ^ ^ ^3 *=*^’ aMt 3^ 

m = 2m P + 2m„ 

•*tt* r 



m = 2( 1.00728) + 2(1.00866 ) ; "L> = 4,0320 
• o ' 



m > aw , 

o*oJ ' 3 P 



(W ,) aa ^ alsj m(\He) p*A*«J' ^ ^ 



. Ai ^ iLL . ( ItfiLjj ) l ^ UjS ^. Ji &» O * U * J >-»' ^ J 

>i-.<ri i j Jxl»j Ajli l^jU^ u 0 \p olSi^j u!3 J 

: c5l .(objjjl) ^jU3SA3 0l5iJ'aw aiiS1 ''3> s 9 & (Am) i JjSl\ J 



Am = m ^- m ^ 




J J...a'i ? AnaiUJ' AliSlI . ~ i a~ ‘ > -l O^' J 

? l^jUjSU all ^ J *' a ' v " 

jl ; i'-. l Ol'j j» friWfli' 0I3J o' '-rO'x^ 1 l ~‘ '-O J 

(2«)s (2p) ^3 (VgjUi^s^.) o' ‘j^= 

ui UoLujl 5I3U1 

$ tSjj W Oil j H '-‘ .““ 1 ' 

b\ 3 iit jo (Am) o ^ 1 o' i-'joii ^oi' -■ 
jji jjA ailUJi ojAs liiUo J! '£>'-’ 3^*3 

l^jlj^ OW is^H o' ‘® .nU' ia 0l3ill J*3«-> 
.(£|) ii33ill iajji ' A^Ua ‘*' 3 ^' J^~ U 



. lfit4 a hu J J! ^ Oil-> ^3 ^ ^ a! O* ljl ^ >** '*** 




( £ ; ) ^ 331 ) 11 ^ >)' AiUg j 3 j 3 



N= A-Z > £* ' 



oyjoi ^ 



, jjk : ^ 30=0 0I3J J ^= 



jjji N 

( Am ) 1 4j5Jl 0 a2ul > 5 J U^ .a 

, ^ . Am- m^- m M . u*d 






m = 011535330 !' Aii £=> + OiU33iil ' All £= 



Zm P = 01U 3033O ' jJlcXo »- I $ Ji 03 i 35> )l Ali ^» > O ^ 
Nm n = O1U33OJ1 oac . X aa -' 3l ' 03 > J ’ * > '~ ‘ ^ a 



m = Zm p + Nm« 




m^= Zmp + (A—Z)m n 



ll-.HW, I Am \ . Alill , i lloA- 03^ A -^3 



('K =6,02. 10 23 = j-aJoiij-iJio-* W 3 j. 1 ti. 3 al JJLC. J3^l3 

W > 12g •. ( 1 ^C)o-®^' 3 »jjJ(m) Ai5£j'oto«aoii 

5 jjl > m 



m = 



M 2 

W 



lu=-ff (grammes) 



lu = 



1x12 

lu = & ■ 

72 

1 



6 , 0221.10 



23 



■ 04 > ^ U ~JJ ' ^ 

= 1, 66054. 1 O' 24 g 



1 u= 1, 66054. 10~ 27 kg 



.( u ) iuj JJl JliJ ' » a » 31 03 /^ V'3 03 > il'3 id; ^= O ^ ‘^3 



p = 1, 67262. 10~ 27 kg = 



= 1, 67493. 10~ 27 kg = 



e = 9,1 0939.1 O' 31 kg = 



1,67262. 10^ 27 
T66054.10- 27 
1, 67493. 10~ 27 
1, 66054. 10~ 2j 
9,1 0939. 10~ 31 
1, 66054. 10~ 27 



c.....»n m(kg) 

° { e 9,10939.10- 31 

Ip 1, 67262. 10' 27 

In 1,67493. IQ 27 



m P =l, 00728 u 



m„=l, 00866 u 



m t =0, 00055 u 



, JUll J 3JaJ' J jOli-U' o"li 

m(u) 

0,00055 

1,00728 

1,00866 



(Aiuii ju ( spectrographe de masse) jisn ju*i-b oitjait o- 1 ^ ^ J 

^ tfHe) « 3 » ^ ^ ^ Js-^ ^33 *1919*^ (Mon ) 03 -' 

. 4,0015 u aaoflJ 

m (\He)- 4,0015 u 



.( 2« )3 (2p) o^» ^ o' (*3^*3 u 





j jj i ji jj 



. ( \f f(j) j* ^jlLl^I' >^jIj 9-1 ii _y a <Aj 9^ ^3^ 

Ziffa) = 28J_ = 7 i2Mev 
A 4 

Courbe d’Aston O j) 1 * » ' u5i3 

£ 

u -£ = — ~ C MeV/ nucleon ) 




0*3 .(jjb^JiJl JJL£.) ( A) JbSJl JOjJI aJVJu (£,/A) Aj$i JSJ iou^Jl A3tk> Jfiiaj j! 

A ■» , iU>U ^ll ^■i.a '* . ) 

(^< 20 ) d-Ojibdl *J 



■(\{)Ne) 03 ^ J! ( 2 /7 ) o - 4 

,(8Mev) a.j-a' i j! ( i Mev) o-» J,J A (£/M) o' 

(50<A<75) -j 

i; uk ji jV..,, ! oij . £/ ~8,5 Mev jsj iajj aiUo i$i oL> 

( A>100 ) A bibJi *j 

iu*A^l jaSj UA3 .AkLu-jiil J- 4 I jl Jii a j* £*«?-3 ‘‘W 4 

,_gj--»/ill 

i J3^l Akis-Ml' u 

0>^-<3b> JOI 3i J! . Jbll ^ j» 3^'j^J' ®'3^ ‘*4^ »>>> A '^ U 

? (50<A<75) 

jjm J! ^.13, '-1A3 >o j^—‘- ■' | a jj aSJl al3ill o^ 4 Iji j i' i m l A 1 *""* ' o' " ‘ ? I '-^ 1 '— A 



Am = Zm P + (A-Z)m„- m(*X) 



( hj ) O33JJI iajA' AiUa 3 j l .«- j 

jj«j (£/) ^ AiUo jsl£j l O*- (Am) AbSJi jO ^. i-.t, -._. i iiVk: ■ •■■- 






E,= AmC 2 



El = [ Zm P + (A-Z)m„ - m(£X) ]C 2 



■ 0*^1 



•(2 //(? + + ) (* 5 ^!^' ^' 5 ^ ^ 35 ^' 

: A ^ .al l \j ^3 UuLu 0\ 1 / m ~>- -1^9 (Z\/ 71 ) fc,j — /\tYlC^~ yji foJjU 

Z\m = 4,0320 u - 4,0015 u 

Am = 0,0305 u = 0,0305 x 1,66.10 27 kg = 5,063.10 29 kg 

E,(lHe)=AmC~ ■. « _> i AiVx. j <ihni 

E,(*He)=5,063.10- 29 x (3.10 8 ) 2 = 4,5567.10 ‘ 2 J 

lev = 1,6.10 19 J .oi(*i«i -.(ev)ji j)j 3 =b 



-12 



4,5567.10’ 

ElijHe)— ,r>-!9 1 



74/0' 



£,rW = 2,85.10 T ev = 28,5 Mev 



AilkJJ 3. Vj. I> >IjUl»-3 J 

, ( Me V) Ul 3 i O 3 >i)! M's ( e V) K) 3 a 03 cA 1 ijL3 “3 J^‘ “ : i u ° jlc ^33^' « Wj ^ 1 J 



lev = 1,6.10' ,9 J 



IMev = iC^ev = 1,6.10" J 



: k»J 33 o 33 ^! a 



; JLj a , 1 -.A^ 43lia Jl 1^35^1 U ( W) AjjjJl JiSlI OJj-3 AJ33JJI cb^A^ 1 J l *“#' 3 

1 ( C") 'g ' ‘«‘ “ -^3 ( C“ ) C3OJI J 



in 



, /w ^ 2 1,66.10~ 27 (3.10 8 ) 2 1, 494.1 O' 1 " J 1,494.10 

U ~~C jC ~ c 2 " C 2 1,6.10~ I3 .C 2 



lu = 931,5 Mev/C 2 



(E,/A ) zujj jflkuA' 3 ^ 3 ^ 

£03“ AiUeJI obA o(iS (A) l£b 3 i JJLC. O^^S (•£/) lj* b> 5 I 3 J kuj AiUa b) 
1 ajbjJb A3U0J' o - 4 3~bl 4_j 31 (3^^ 1 J J ^kfctj ■ ' » . 1 ~ « . » »bj 3' " 1 ' 1 4 "—lb 3-ill 

SI^Jl bj iiUo 7 i/ 

MiA -»A*. ^ 





‘n+ f 2 U » 8 3 5 5 Br+ f 7 La+3tn+y + *0’ 

'«+ ? 2 U > >'+ 'S-fe+2 '*+ 

4-4 U 




UJl3 .^3^1 j 'U.j.M _Oj^O AJuiiJl Ajjj 5f > £**=- (J^W O'** 1 11 

.AajJcaJ' j \£>J*39 ( -E/ M ) 4iU<aJl A*ji laii 

.(fertiles) a,.i^n aj^ bit W3 >> ' j 11 ^ 1 - 1 *- L>a **3^’ -J 

J3 JL^ J) Sjji- a*uc J «3^3* ^3 ^ 

.S^jtfl c^cUdl j 5^3 »5i ^ W (w ; Pm) <*3^3^' S‘3i3 (°» 7 % 

^ Ua. r^lyli 03> Jl ul .aJ*h JSj »9ih 3^ ‘WS3i '->“< ^ ' ‘ J 

j AiO* <0 U5JJ1 lS^I ^ 3>) *tfWl 03^' Ul .(l^ ^ i*^ 1 ^ 






^.-.,« w ( 2 £U)?^b* ^ l53^' O- ^9^' ° ! ■ J 






92 



Jt J.,'-.I .( 2 ^U) ^ ;>l 24^ (*?■»* ^3JUJl fl^3 ^>< ^3jU ^J9^ hj~* ftJA 



(reaction en chaine) 



~a 0 jl\f. d_3lka 

^ ij^ii 4 , 33 iJi 4 ii^i $ (reacteurs nucleates) ^ S3 a^e.\m *> 



JU^V' <*1U' 5A A*a ( aS^u J 3 *i JiLUu ^ J 3 1 0^=3 • iM*“^ J* 143 * 

.JuSjj^Vl j» 1 942 3^>>' 




Otto) 0^3' 04^2/1 0 UUJ 1 ^ fl. ? . - , ^ i ji 3 . JaiJL, oia^ ftJl4> 

aiuji .,» i 939 5u« 1414 ia£=b 3 ^1938 i ^ (Strasmann) oUu,ij«, 3 (Hann 

< W^<J' jUaiJb 1^ . .<. : . ~ I Jc-ULiJi 1 j* o*-, Jiji 3 ( ^ u ^JJ a .-.t.^ _.^'I 

.(200MeV) j 3 a» j AiUo j^j (“jj t/ ) (*3^lj3i JI a-i^'s al^j j IU,;.m 0 | JL a 3 
J jbui jOI 3 j l _^a*ia.J 33 i jUsLiJI 1^3 (A>190) Al.v.h 4 _.j-.Vi . 

■Of^>\ jl Jb*4 





: <cLoUJl >| 

( Ej/A ) iLfilla I^jlS yJuj (^^^0) ijj 

ja A\He) J ( 7Mev) j! (f//) J ( 1 Mev) ^ jsa,. 

tjljfl~i.i.l j'j'rnl (^I~fc) OljjJi ^ 

li'Ulaji (tHc) r* 3- A.^ al $j J *> .<> i jl o' I nl->~n ..i U) 3 .(]”//) 5* 3-* 

» ^ i^-> Aj 33 j ivillo jU ‘(\H ) (»3 jjUjoJi J5j'3j (flisiotl) ^L»Jjl 

(JcliCu j» jjjjjjjJl jj jjj JjjbJl ^ 3 jjJl (Jiililll ^^ . . i I jJ . j j - - *" ** " 




iJ 33 jJl^Ujj^l 

.^3jj ^L«JLil I4] JjJb«j |jl |jSL»j (AK.20) A a j 4 -^) 1 Ajjjlfl 

. l _jjia«4JLjdl (j-« Ijl jiiu.1 j ’ i ^— > i SJL>-I 3 Slfj ^Ini'ii 

l^jja ^yJl ^jiaLill j^*J O' O^Uj 03^' c yi«j^ JViluiLi .laSA 3 
•^33-’ ^UjuI l^jJa OjjkaojjiJi .2Alj o-» ^33^ ^ " r * > ‘‘‘ 11 

La fission nucleaire ^^xi\ ^6^3 

aijj LJ l£. Aiaji JOc. o3>j Aj_lxj jl V-> . t . ' i^' 

0 -«) CiU 3 >iJl L _^ULJ oUUxuji-4 Olj'3j Sjjjj •Ajj' V-i . ; . il aL uC> 

.5 j ~_ ■*— > Aalki ' a‘~—> (OjU 3 yj 3 (J! 3 



. jjjJIDl jliauij^l (Jx-lij . . ..-■>- 235 (» 51^ j' ln . i . ' il ! 



Idle j 



jjjJl PlXkiVI jilaal 

s i ^buL^I .MoJl 4 ^^uuJ 5 jJ^^ l^l Jjua\ 4 J ^33^' £_bui/^U j_y^Jl ^>SlS 3 l b)l 

^)\j 3 wit yi-O^iaSlil vJjl^aliX. Jlxj bl ^ ^3 ^Jill 3 ^^Jl v 3 " 4 u ^Jo 3 L» (^ yTX i n l l bl 33 

.^jbj^il 3" 4 ^' -*bJil 3^ *- 3 b^l^Jl ^1 3^-b £buli^l 

2vUfc,,.l^ « 4J33 JJI JjIxIjua^' ^4 I^jjS ^Jl 4 \jJI (*bj .^Lj^^jJl 2*xl ~i i^aJl 3 
^)-0 3 I fc j^^ilJl ^4 3 ! 4jbu ^^Jl ^j-4 AS A 4 <o ^)tjJL>» 

2 *X^ 3 *Jl ^U 2 L 4 0 Aiii-J ^oAjoJl 4 _ulu ^bdOAJ 3 - 0 Ic 3 ^~— 1 -i3^J 

3^' <bjUoJl ^ Jx. 3.^ 3^ bo ^oL^sLLo! 4 ix Jj-Lj jjjlSLll 5 j 14 £4 £bu!iVl 3^-bij <j! u 

t D 4 a^ja 1 > bd^ju Lo JJo«j . jjlSJl 5 _>lo 

^sJl ^jlSJl 3 jU ^j _4 1 kg 4 .J 3*^' — D 4 -Lfa~i g,ll 4 iL^ 3 fcJ\ 

. Gy D 2*X^?*Jl DJL>*3 

lGy-lj/kg 

p i 1 ,;, 'x\ p $ j . ....->■ JLx. 4 / ) AC._>^*Jl o_) ^Lr>>- . fll~i-T«j 

&ms < jjUl *-3 a 

lGy= 100 rad : rad- 

(nr -. u ,...->i a , ... ,»■) lGy= 20 rem : rem- 
^b^-Su ^buiyi jaisn ^ rad equivalent for man 

oL-JVI l*lLki ^ 1 \ Jjjll) Ajj> 1 I jUaiVI 

cLjJSLi jd_o hft OJOklil Jjb^’ 3IL1 I Julujji 3 1979 28 j 

liuLu ^y_i^3iiJl jbo’i'b 3_1 joli-j 3 1 9 863^ 3®^ 26 




**LJI 



Ajjllt AJuilll 

/if jujli r% j » IL^~U \a\ t\U>.t, » A. i i~t 3 ^JJl 51 3 J f- l^-v~i JuX 

31 3 y * ""* bbbuiJi dj^jj 4 _<■*— r>^>Ji 3 • *^3^- 

3 ^>0*13 ^ySL^j <LxialSL4 

4jjjJl aJu_aiJl 3 jUjl)I 3 J-UU 31 JL1J3J 

3^b>J aJu 3^b-u/VU ^bj 3 

235^3^^531 314^ nn> 5 jU 3 JvaLuJu* 3^Uj 

. 2 3 9^ 33 3 ^ 33 * 3 ^ 

. ~»\ \ 1 1 i i ^ v . s-k~\ 1 /) i 1 v 3 -i..‘-u 3 xuui » * 1 . 

4 ~ >l \ 1 ^ 1 . l^iMiul ■ 1 A ^u^ocJl 2 Lj 3J Vb 20 jir> ill 

c3 3 bSj 3 JU Jjb 3 Jb^ 4 4 jafi 4 ^^- 2^Uea 






ju!b 5 .rtiUaJi j o ^ 1 j-iUiii jxULiU ^s+*(bombe A) i^oii ajLoiji :>jl>. j ui a 

• • * ^ 3 o ^ . *j ^ ^ jJl |4 -j,]iStI 1 jbfciu^l >** ^ » 

La fusion nucleaires^\ jruja^i a 7 a 3 



AiUca ^ 31 jj JS^ 



| jliaxib- o^ljj ^ 2 -«JLu ^ 3 ^, Jxliu 5 A jrUjLj^l 

.5 4 j 3 3 _j 



\\ 




J^(|//)i*iJ^Jt«(j ! //)p 5 Jj ; ijj jtUjui : Jll» 



. n 1 / 1 /, 

Uj ii O Q» jJ I 

n 




]h + 2 ,h 



' (~>He) o'>> 



-> 4 2 He 



W 

Uj jki ii'U. J-Lr 
t-i • 1 ij yJut 4,36 



JJ £Us«j ^L»Ju^i JtLaj J I AJa^^L» ;j 

JsLiiJl JLc . jli i' il l ijlAj .( 1 0 s k) j iuJlx. oji j^. 

Jx.liujlj (jA*uJ Ijj I ill jJJj 

.j> 3 P«-J| 31 Aiull yA 3 1 L 0 L 4 J .lSjIj^iJI 

Laou-aJl 3 »(3 . 1 0 k ) J 3 JL>- 3 »4AjirSf Sjl^dkJl 4^>jJ ■ * ■ j "*- 

3^3 >( pi (ISMlfl) LojV3' J lrTu» 3' lb&3 -bb>» ji _■ *• — » 

^>-4 in>il>. 3^-b Jlx 5j11I 035 b 43 a »5 jUU 4jlj! 3! 20bJl 

. 44jLfl^Jl 2 u 3 J ^{3 JLib ^ 



b jSLkJl 4 Uui^ll 

^jaju ^UaJb^l'lj jUouuVl wlMcliu ^jia .Ailia jjj* j ji wjLuj^sl A i -*-->_) L$j$j JckdLj 



£ = | Zm(^.\jub) - Zm(^) \ C 2 




*. ^butbul 2 vB%bu 5 j^>l 11 I 2 LS\lajl 
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i 4 (j = A jN/q ^ JU-V 7 »Jl .. Iil fkll ialiL-JV J 



3 j^>- Aj ^ji’i j al. S aLuj ^ 2 L 4 ^Ji ( 0 !) 

: : ;SRa^.(llig)j 143333'' 

-6 



J JX . > l 



N = ™,w= x 6 , 023 . 10 :} ; \N = 2 , 66 . W 5 ** 

M 22 b 



2 , 66 . 10 15 , 3 il 4 iVUaj'jSUdl(a)b.U*- 3 . JJX. 4 Jl «3 

< aiab^l omc]) 15 (jipJl 



, 3 r ■ .*il ^ ....-^. J ^ ■ .U* 1 l ^2 J ^>- ^4 A t .* ■ lUt ^3?. ^ J . 3 * '■ f j A J 4 ^‘^J j£Jl 

■ "ilrt .U> jt^4 v.ub Ajif LdX.Lu^ ltJ«4 I wxX j jl 1 \4*fr> •( 5 / 30(1 KIS) 

^ _1..1 ->- 3 < ; /C) 5-^* (#V ) k - , 53*^V I^r*3^ J-* AbjVl .LiiJl 

. « ‘ ^ > <0j\* 4 ,»'*—>! /i /I 

.•f y ^ 

. Z A | 4 ^ut 9 Jl 4 a* Mi J *-* V ■«*“> « 0 jla 4 ■ •* ^~~» l 

^yj'uu J_yl? Jo-lSs'Jv QA3 1 J jjj ^xVjuI! /2 

^JtiJl ^dJuOJ ,^SJ .( jLoj] I^jl ^Jb>. ivZjLaj) A-Otl' JjLIjISUI 4a. I »i ~ *i.i ~ i ^ .( ^ 

^ i _ y iS ■** ^ _■ *~~~' j ' * . 1 Jl>- V._< 4*0 Al^L) JJl 31 vljiaJl j . Afl,., '■ i... 1 ^ jjl C j- j* 1 — ■ j" 

.^aJl (^C -^-2 (>• (10 L %) -H 

6 u>» 

J^>- ’) J Lul^j -4 l 3 ^j-hi .cljJdj d JL^' • fl* 345 .<Uu4Ud i^aali ^jlSUJ 

( ft jUi^O ^C.LuI<V< rj y 4kx>j j d» s: , ^ 4. 1 l J^>*5A> ( y /C) ‘ cpi 

JLX. '* j *Ji4 ! »3 * ^>4 jl J3 j( 5 730a ^15) lijLu ^4X 1 

^3 La4 Jii 4 j < _ ? ix ftjln mi> XijL* a< t^jjl j. ^2l)l 1 itifiall Ijla ^ix. 5 

■ >.u I7JI J-O ^Jii ( ; rt 4 C) O^* 3U#JiJ> ^Ucaajl j-y^ ' Luajiq .J^JLsJl > 

l)LU-« ( ‘C) juIm J -dll^ j£+ri ( ! X) s* 0*^4*+* 

.0;^Lju 3 cG^aLJ .iu> ^4 ijlu^y' j«lc. ^ i _^ul»*IjJI (UfithfOpolo^lStCS) jdt> Si; 

,4jMj v _ y jJi i^Luii 5/30 4) ^4 jl 1 v flirt i » -1 <OUUux.i j 4jUlx 3 

. M . 4-4 2 i'>3 wIJjuJl ^a'JuJl jjjUJl 
: UiS 9 ,<jji y+L. J^JOkj !%J 4 .l^lair 

• |4pjj v , ».I1-V 4J^jX rtJuSJ A loLUJ 1 • 

•JU*JL>- » ; oi l 'll l 5 A *4^ ^w4 4JHSJI jttAii iA|J ^xLxut^'t ioLUJl ^liu • 
5 ^ ( !4 C) La UA c^y^5 /I 

$ 4j^4-» ^ ( 1 l C) L*^ bUJ /«-j 

S crfj Lfi-aA) ^UlJ^ > 4X. ( ^C) %j%L blaJ /r 








bog^i o'J&x) oooV> gjo>Vj^3 



" 7 N + a 



■+ ".O + z* 



»'>* J**^ 1 lO* 9* a ( *-""> 0 s1 



14 



4 7 N + 4 2 He 



n. 



■* lo + ix 



t>*‘ 



Z—l : <1x43 4 7+2 = 8+2 I UjOJ JUs^iUl le»lo»J> 09^ 

A = i : 4*4*9 4 14 + 4 = 17+A 

^3 k ( j H i>*?-9>i^ 1 9*) jP 09^9^' «j* o' 



14 \r i 


> /7 /o + jp 


71 V I 7/1 CO 


t gKJ T ]I 



liiubiil iuxbg) 17 (JljalJI 

^5^* J 3 * (/a radioactivite artificielle) a ^4Ui Jx. J3““* 31 fO 

j *1934 2UU4. UVi j! 4(t5j3^= Ch*>?!) *"*933 ( 9^9?- A'Po*) C** 31 * 3 ’ i>* tJj'j 

3 & (%J 444 ?" o 3 ^ V*oa»i ( Po j» 3 x 1913^1 l 4 j 4 *aj ^ill) a Ol*j 44 i?v ( “]i l) (* 9 =f-*-» 9 3 ' *=»+““ 3 Osjij 

• yX »' >>9 *( 1 214 O 9 I') (gW) OiJ^ 9* >*“’ f M**»-3 ( + i^) 09> i ^39^ 3 ' 



j* 

( 5 £ 3 l 




VjJI u l 

^ <8* 



r j-y^ 




o^j joj^; 



9* tw*- -«f -»♦ 




jV 



Afc 



XN 




X N„ 


’ A 


— e' At . 


, oji • N=N 0 e~ Xt 



A„ 



( 1 ) dJ (_,i ^yO 9*j 



ln-^--lne K< — —Xt 

4 , 



-Xi 



I Vi-. ! ai .Sjll . dl4**li 0 jit. U4li ^JLdij lSJJi 4ubJl 4-595-0' JcUuJ' /I 

• , 3 5 °P . gAl . , 4 % ‘, 6 5 '^ <z* > 

2U33J OiVxUi el JJ-! J! 4i3 J! iU- 4 jJb Ujlc 0 ^= - L =* 3 ' 0*^/2 

' ^-■■i .04 1 jlil 45411 4 j 4 ?J| 4jSJ -UA ^3 ^y »^*9 Jj^A) J^*' fUU31 0 “^ 

Al dT.t^i ^ ^oLt* jJl o* >-L»- £*09 9 < « oU^>. j. UajUj! dit 4 ii Ua A > 3 

^ .UA 34 * o^» U 5 = UU 3 4 Uli 3 jJuJi v^iSi -1 Al A- ^ e ^- » OS4i -4433 4 *J eSl 4 a oU(->j 

oU 9 ^j30l 0J4 4*1 o*' o-** (2 2^3") Ollj W-t ( + ”e) oli3ji.j3Jl -^h' o' 

■oUlUlt JeUj U &4 S^aijj . ‘v>-»~ . i . 44 ll 1599 OI JcliiJl o' 



—i'* 



f A} 

V ^ J 



( 2 ) 



4^ -0 0jU*JV ^ > A. — 2 t 04* . t ,.■■,= ~ > 4_>S1 

l t/2 k 



t~ 



~ tj/2 In I 



/w2 



^4 

4 






A=325 Bq , A 0 =1350 Bq , r r /2 =5730 ans 

- 5730 



_ - 5720 , ^ 225 ^ 
0,692 \/250 ; 



f« 11 774,5 ans 



t=*11700 ans 



4jS! ( 14 7 N ) i j^»*3 > juJi 0(33 J3 ^j o' ^Uaj-ui Sy» J3^9 ^ 9 / 9 fit ^ 

'O 329 J- 0 I ~ — ' 1 1 » . d-jJOJl d fl _ i ~ > 3 JV-I ^ 4^4 34 1 d ^~~~> ( ^O) j J 

.^jjL9feJLuu«J\ k^$ 0 ^Jul i _JjCLajoI «_k 

,1 , 




»8 iji il y 



3 

*> 

.J 

I 

0 

'3> 

—1 

4^' 



J09" 



2l ■/! ■ - ^ . J^JLxJ' J !-•■ ■ |>LSj' 1 ^ a^lLcjkJ* IjtLS i j 

1 * ‘i 



16 (jijoiii 



2 • 1 '■ 5 il 











(iHc)i (Al) Jjjbjl Jtliill /wi 



4 He + ,} 7 Al 



> o« + 



-Wp 

15* 



3(>p 

I5 r 



» 



<fe + * 0 c; 



■ U£=> (j8' t ’) ISXiu (j^'P) £u!aJ 1 Jill jJx /£ 



AjjlAoJl ljjL>- 3 J ( £ .wj 3 — It) .t — l l ^yULlj 3 ! : i^ldb 

. 1 JI3...JI ^_y3 Igilc. UUr>a- ^yjl 

■ 0 1/2 = 2 , 5 t'nitl) iU-ti]L Jiaaj ( | '^ P) 3A3 Lj£.Llk 3 i ill 5 j.a -9 

(^j^j!)3 (JijjJ^) Jf j Jjllj ,^j.i.aj /3 

t-> l— Vl l . uiJ j ^,“‘" 3 iUjuljjt ( aJ a-sl« ^y> LidjuL) llol.lo liJb«j 0’^ ^llajuul 



!^> s* l^a .It c _ y Lc 4 -j J . ■-> ~v i a \ 1 1 ^. Vi 

18 (jijojll 




Ai^yjJt OiV-ila-aJ' CjIcI^jlII v J-4 / 1 

l0 5 . B + ( \n > 4 He+ £ Li . (tf)io.>u*ji 

A = 7 ■. O-i! • 10+1— 4 + A ■. UjJlJ A Ja'fl T i l Q>jl3 . . » » » * ■ 




(2,5min) ^ 0 i u^i jin 3 

is -3 >*3 (^3 J+i 0^1 (*J j-^ic jOuaj 004 J 

jaUaji a^a>ub .kHJj ,ji^ «3^ .(>.1 ^ t m = 2 , 5 min 

l^jsoi (*j U iji j'kUa! J3UJ ( Al ) jL, 

■I ^J^ 1 1 JoUuJi :ou * 

^ dflaia AiuljJ . i» < 3 

(+1^) .A- 34 eA 1 ^ ^3^' ®-i*3 ‘(i5°P) J3a«3ili ^ JJ (j^4/) i$3i o-» 

•(j4*S/) 0 3^ - 1 t-53 4 o»* J! 



ilr >i r~» l £uiO yk SX l C 34 (] <;P) j 30^. yfljl ,jl ^yt ' i " " 



\jl~lc')3 (| 3 Al) i>*J wub«Jl 1 £ 33 ^ iJtLijJt . V j.. l-» - i ya y*. 



^=> (3-f“ L« t^ua ^yl /I 

? jS K a ~> <U 4 j jls « j 3 



>!/«. 



JiSLij 34 (, 3 5 °P) >. ' L *v a ') jl ^y» o^slj 

• J ^ *< * 1 1 ‘ *1 O t-v. /J 

iLLu, eLpjilJ J 43 J 3>ib- 44>-i ^>4 lfl T . ~K .ll y,iJl (j0Jjj!) 3 (JjjJjJi) iu JM jvlUj /3 

+1935 



Jail 



JH -^ 3 (iHe *'3-^ t5') (X + (| ~^Al) »> 3 -«J» -3-13 . JjjbJl <£ 99 oJl i\Jj\joa /I 



Jl L^35jJl ^J^liLUl aJjLxa AjUSj lA-ia= » ,i* u (gX ) 31^3 (qA 7 ) 03 j ^3 ( + i^) 03 >^ 3 ^ 



4 2 He + , 2 3 7 Al 



(A Jolfla..!^ Z ialooul) laUuu^l yjla j j • l-»~ 



■* + u ,e + l jn + 2X 



Z-14 : jDti <Lu>3 . 2+13-1+0+Z ■ ^jlj !_< >3_« 7. Uln-^ .l J 3 '.l« 



A— 30 : jo*j a_u» 3 . 4+^7— 0+7 -hA ■ ^j 1 ! i_ g % 3- ^ uu-»m jj-.i* 



•(]4 iS/) 03^4^' oA o<3-iJVja .al L-ti a l i <030 Sfl jo ojUlIu.^L.3 ( ^JX ) u 3 (/X) a^La 






u 3 lj 3 ?' 3 ^ UcLiia^ol j.^>if 34 (j^P) j3iu.3flJl ijl ^ Jc£s»ljj /I 



/2 



a^u 



-yn 

j l^a ji 1 u f 3 . 3 j 3>- 34J1 JJ 4 ( j 3^4 /) ^3 jJ-« 3J Vl v^3j Irraa ojl^s 4 j!3 * 2 uIjlJi 

0.0.^ 



Ct oj Ukh-v jUj) foJ UjLit.3 . (q/ 7 ) ^jU3jJLJI 3 ( + .^) olj3^jjj3aJi 



? OiUjj^i jjja ( + |^) olj 3 ^jjj 3 jJi ^j^fl'imi ijloJ (Al) ..a.ia >Jii 3 J 3 

•(| 5P) 3 * 3>- 3 d C>^ y *xi£ j) 6 +> , _jil^oai U ilf | <~i,-%.~i.i J3I-~.I1 1 Jl 4 <uL>-VJ 

,a_.(A/) _a_L 3 ijU. i AavUj! («j j| 

J' > ■ *>-' »(^ + ) . * 1*> fl~l Aj 4 jJL 5U3 LjX.1 i l r» i r-» l yAlC 3A (j^P) O' 



•( + l e ) 



<i 33J kliV ‘Uola. JjjLflj 2 5^ jl) i^jugjjiT ce^j Jkffllll 






bjg^i cW$>oo 



Z = 1 : Lp! • 51+Z—52 + 0 : LujJ 
A—l s 0 ^! * 121+ A— 121 + 1 ■. kiu j£=» 

\jSJt, s >(JP o+>9^' 3*<«La-o* jl) (///)i^(/A')chP-9J-^ 1 A?PUJl 



121 aL, 1 p 


v 121 To + 'n 


5 ,bb+ t r 


* 52 1 0 n 



. . ■ " C '> A~a >\ 11. H ^ju a jj ; (if) aJjLx-oJI 

*X+ 4 2 He > l33 La+4\ ) n 

A=133 . o j’. * A+4=133+4(l) •. ja 
Z=55 , 0 ->! . Z+2=57+4(0) .^j£= 
aJjbuJl *( 55 C?) (* oM 55 J A" ) ^ o' ^3^9 iMuMtS 



l3i r? a- 4 Hp 


v l33 l a + 4'n 




r cyl-jU. ~ "T Qfl 



/is 

92 



c > +yX > (h) 

Z=—l 3 A = 0 : J^j A£^u*J 

ju ajjbLji lp! *(/3 3 ') (_?£) os-p^V 3^ (^A" ) **-*-• 3 



HSrr 


> 239 No + °e 


92 U 


> 93 jy P^-l L 



- 0 

l (|,Ai 1 ^j£. LLiVjUaI' j . 1 . 1 A l /“ 

i ( reactions nucleates provoquees) ^33^ ^g.f.a l^ijUaJi j 

. ( reactions de fission) jikppi Mtus u&c>b olujUaJi -> 

> a .'Kii ^ d jojUaJi d 
i B~ ^ e aJjUaJi j 

. j3‘ h ibbujl J 



3 ! Lp! l 5+0 2+Z t Lujj ^ ^Uaui 



l0 B 1 ‘n 


> 4 Hr l 7 1 i 


j° + o n 


r 2 + ‘ 1 ^ Lsl 



aJjUaJI 03 ^ ( t'j* oISa (2)3 ( 55 'Cs) £lji oISa ^ ( 2 \ ) , ( b) 

w w+ 92 U ^ z^+ 55Cs + 2, , ) n ■. Jlj U£= 

A=144 .lp! ‘ 1 +235—90+ A+2(l) = u.aj 

Z—37 . lp! * 0+92=Z+55+2(0) . ll^aj Zi^i*-*-, 1 

1 ,JLi U^d LLkJL*- LP 4? 3 3^’ PlJjJ * (j Lz) ^ (yLl) Ot^iJl Aja 3 



l n+ 235 1 J 


90 r , 144 C -,1 


0 n+ 92 u 


r jyl\L/ I ^ V/i) I jL Q'l 



, AJ 33 JI aLUaJI waj^S (ZZ) (... fl Z 7) > (C) aJjIaaJi 

\ 90 Qw i ^ VV> i / 



tn+ 235 2 U 



O' 1 * 92^ T itf 0 ' ' r 54' lc " r w fl' 

.flo^ LL.su, Mi . 92 = 92 . 0 + 92 = 38 + 54 +zz( 0 j : . >T» .3 2 Jolflu’ll Jfl*~...'i * 



d — 3 t 1+235 — 90+143+a(l) ■ A * 

Aj 33 _Ji aJ j 3 ^~i 1 KA 3 



'n+ 235 11 


> 90 Sr l 143 Yr l ? 'n 


() n+ y 2 u 


* 2 \C t J Qti 



A=238-4=234 



238 

92 

Z-92-2-90 



U 



i (d) aJjLsaJi 

-» 4 2 He+yX 



^34 

! CP! ‘(<)()Th) f»3Jj3iJl i\+i ( <)qX ) «'3-iJ'3 



l3S lJ 


> 4 Hr 1 234 Th 


92 u 


t 2**'-' ’ 90* ” 



: AJ 33 JJI AJjImJI . 1 * 1 ^ 13 (yX ) L 533 -Jl 3-4 jjl jGLJl (A juiTiII ^Irkl ’l : ( (?) aJjU-oJi 

' v 56 r?_ , Av 



Co 



+ %Fe+ IX 



27 ^U T 28 I C-T yj 

A=0 : Lp! 1 56 = 56+A ■ .*<'•■ A U>la-»il ^ 3 ~il< ■ 
Z=-l t Lp! ‘ 27—28+Z -. ■ 2 034(3 v-t 

! (/^ s' OS-H^V') (_|^) (JjX ) 3* ^33-^' (*-‘ u *?*' 1 3 -*J 03 ^ *^ 4^3 



56 

27 



Co > 28 Fe+ _°e 



■■ AJjLmJI J3»-3aJi J! (yX ) -? y*A '■ (/) ‘'JjVxaJI 



121 

51 



Sb + yX 



* ' 2 >+ In 



3 

3 

Ji 

J 

t 

•3> 

3 




lu = — = l,66.10~ 27 kg 

Na 

JujjJl f»LuLP-jfi J£=> o' (ji o- 8 ^-^ t-WoP 1 " ( w ) JUilu/t cp SjjUJi U1 

JLajuuubg t( 1 0 ) ^JlxU ■ iif I.^a (ieOxuLu^l * ~) \ a jm^l lg '■jbglil) ^Lu^-hflg 

.(jJl^oJl JlguJt O^ eliil 'Sj- U * '*^~~> • JJljJI I -Lib '-S- L'x j ( U ) 5 JL3- gjl 



( 1/ ) J! ( kg) CP oVa . i.i. ^i l S ‘ ^ g=*j /wJ 



10~ 27 ks = .cp! * lu= 1,660 543. 10 27 kg o't^p 

6 1,660543 

m = 9. / 093897. 10^.10 ^ 7 kg = 9.1093897. 10^. - J“ — = 0.000548u I 
e 1,660543 

m= 1, 672623 1.10^ 7 kg = 1 ,6726231.—— £— = / ,00728 u 
p 1,660543 

m,= 1,6749286. lO^kg = 1,6749286. J” e - = 1,00866 u 

1,660543 

i jjJUJi Jg. foil l _ T a «>fl ili.ili gjbjJi i 





LSg^iJl >4^Jl 


(kg)^z>m\ 




03*£N< 


°e 

-i e 


9, 1 0938971 lO 3 ' 


0,00055 


03-‘3-fr' 1 


Ip 


1,6726231. 10- 27 


1,00728 


OSiPl* 


i n 


1,6749286. lO 27 


1,00866 


= k> = 


1,6.10 l9 .l ; 


(lev) bjgs-osj^j? 1 /' 

lev = 1,6.10 19 j 



( IMev) Wg3-o3^J! 

. 1 0 6 ujju Uo*J' 

lMev= l(P.l,6.W l9 j ,Ai- 3 . iMev = i^ev -cp! 



2Mev = l,6.10~ l3 j !( juibg 



r 



<_P cp S-AiUJl Ug ( M) 2 lj_,JJi JOSJI oa»g a. 



CP ( «) 03^3 (p) Ofi9j^9 (^) 03p£M ^3 ibJliJl oU_,,„ : > | i j-,c_ /v _, 

Me— 9, 1093897.10 ‘kg , (u)'ajjOm jiSJiojLvgjKjt^) j 
m P = 1,67 2623 l.l0r 27 kg 
m„= 1,6749286. 10~ 27 kg 

Ujic 030^! ialLali g* ( iev) JaJgi-og^iSJ^i o' ijj /I /2 

iUai 5Uiiu,tg (j) JgsJb aiUali aaA iuoi 4 ( 1 V) iSgUj ^b ^gj «uic 

.(IMev) U]ga- 03 pSJ!Up 1 

J* 8 3“^' ^0“ •( 1 u) J l$I .iUjCJi jiSJi djL».gJ cSgaUaJi OrSISUJi la£.i A_J 




C=3.10 8 m/s 

P3> UJ| 3 (p ) o£9j-4'9 (?) 09 CP Ailla ) ibb gSCJi ialUJi ..-■•^ i /£ 

.(1M.6V) iaJgj-og^^jSJ! U_ <«Jbg y) JgaJb ( W) 



cViJl 



JaJI 

(U) ibjjjl JaSJl 5-L>.g /t /I 



1 ^ / 

•( 6 C) CP *^'3 CP IJ* ( W) ibjjji jajl oa^g 






<bjJJl OJuvg a«_i< 



>^4 72 

M( 6 C) = —-( grammes) 

M > 1 -.ji W A 

'N a— 6,023. 1 0~ 3 ■. gjjic ^ii jat g* ( ) £j> 



u = 




. 1 12 

■ lP! * / // — • : jbfcj 4 Jl4^ 

72 w A 



1 



6 , 02 . 10 



-jj = 1, 660543. 10 24 g= 1,660543. 10 ~ 27 kg 



ovj^cL oiju; ^j^yysi 





20 fcKjflUl 



. p j »i) L43J olyjJl 4 l~ 4 _ /\ 

■ (Am) t _£jS 3 \ (joa iJi /,_, 

<4 w =m,-m p 1 cjU ijjj <>i~i^ii ij >s l$ 1) ob 31J1 *> 1 ~< < — — > ^>jlj 3 jjji / 1 

Am = m nuc i 6ons - m noyau . i£b>> 411^3 oi^ji aii^» ^ ^^oji /2 
Am = m atome - m noyau . i«j>j 411^3 513111 *11^=. ^ jj-aii /3 
loLjji Ei=Am.O 4-sUo j! ( "i / (Am) ^1* 1 ^1 1 aa i.n 

.Sl^jJl GjLj 3J1JI 

: i^Lu E/ 1 J^*^l 4 iilb> / J 

. I4J j 3 JG ^^1)13 SI 3JJL ida-u^Jl JjLi^jGSJ^I a£Uo / 1 
. 43 jJLLoJl l^jb^j ^j -4 liMbul yX SI3JJI (jSLufcju toJLlC. Sjj^UJl 44 UaJ| /2 
l^jjb^j ^jXLLJ uy jj>. (f*JLJL6 J! 4 -LuijJb) A ^7^3 dljjJJ <L 4 Jl 2 L 4 JI A£UaJI / 3 

.((^ 1 ^ 4)1 ^jaaJLI J! 4 i«i *ilb) 4 i ■*""“> Lm £X_Urfaj»3 

: ^ £/. a jU£. /.A 

E L =m(£x)C 2 ,\ 
E L =[Zm p +(A-Z)m n ]C 2 /2 
E L =[Zm p +(A-Z)m„] C 2 -m(*X)C 2 ,3 

El [m nu cleons Wl n 0 y au ] C /4 

(JaJi 

4 obb^l 

^ p »*?«■■» ^y> jJbdl I43J 0I3IJI 4 l~i^—> 

Am — m nuc i^ ons — m noyau /— 1 

klib^lll labujl jy3 <1 i» l ...~i E L =Am.C 2 41 I^d 4illa J! (Am) uHSJl 'JT 

.alyxll 

. 3 j 2 /J 

E L =[Zm p +(A-Z)m„] C 2 -m(£x)C 2 = auuji i^^E,. /j, 

El [m nu cte 0 rts — Wl noyau] : 4»jl^jl SjUaIIj 



bdol > < aj )\ j&j 



( 4^15^1 iiUaJi) ai-«ri i 



^ C- 3 . 1 GPm/s . ft- 1 E=mC 2 \ • 0*^1 ^ ( m) joaa, ^ 

•tVliJi 1 3«^i » 

03 4.1 "*■ — > 4 j 3 lb> 

E = m e . C 2 ~ 9 JJ 0 - 3 , ( 3 J 0 8 ) 2 = 9 JJ 0 - 3 , . 9 J 0 , 6 = 81 , 9 J 0 -< 5 ~ 8 JJ 0 - I4 j 

(Mev) ji 5 (ev) ji jj 

„ 8 , 2 . IQ -' 4 



1 , 6.10 



-19 



= 5 . 12 . 10 5 ev 



E = 



5 , 12 . 10 s 

10 6 



E = 0,512 Mev 



4 -Llir=> 4 - 3 lLa 

E=m p .C 2 ~l , 672623 1 . 1 O' 27 ( 3 . 10 s ) 2 , ^uii 4iu>ji ^ 



E = 938,3 Mev 



.iii 



03 >-bJ’ 4.1 ~ » 43 lb> 

E=m„. C 2 ~ 1 , 6749286 . 1 0 27 ( 3 . 1 0 8 ) 2 



E = 939,6 Mev 



mJI 



5 o^ 3 J 03 >ljJ' 3 lo 3 j 3 >Jl 3 l 03 > ; ^y' ; ^ i ^=C> £ -( 4 SljL» 5 jlc.iL) 33 iJlclj^iAji ( _ J is . iulA 4 ^»-U« 

.LS^aiia ^isuj ji (Mev 1 C 2 ) ^ 

( U ) 4 j jbJi JGSJ1 3 Jl >> 3J ^ 3^ lUl i ^isUJi 

, ^UlLul 4 iVU. ^u»L> ( C 2 ) sji^ll ~<VL j+u £, y, 4JLISJ1 ^ij±a j J! ausjl Jj 3 »U 

. /m.C 2 1 , 660543 . 10~ 27 ( 3 . 10 s ) 2 w , 

1 » = —^ 2 ~ = ^ — = 1 . 4944887 . 10 ~ I 0 j/C 2 



C i 



a 



,(Mev)jnj) J**J>J3^ 

lu jmmjA^ Mev/c2a 934a6Mev/c2 



1 , 6.10 



-13 



lu = 931,5 Mev/C 2 



Jb«j wjluo^Jl ^y 3 Lia 3 j 3J3 



03 >*-^*3 0 , 3 J 3 >^ ^ 3 iliaJ' (^b’SLaJi 



m n = 939,6 Mev/C 2 . m p = 938,3 Mev/C 2 





- 8.7 

-9 



ojgv £>V 9Si) 



: cLJlljl »■“ ‘'l 4iU^^]| 4 .ii t I . 1 1 

lu= 931,4Mev/C 2 =o'i^d 
Am = 0,04047u . o' 

Am = 0,04047x93 l,5Mev/C 2 . (Am) ^ (u) ^ 

Am = 37,7Mev/C 2 

EdjLi) = 37,7(Mev/ C 2 ). C 2 ■ 



EdjLi ) = 37,7Mev 






El/a ~ 



37,7 



ElJA JSJ 4iUa 



E ua ~ 5,4 Mev 



L(Ji» Aj^j lajjJl AiUo Jjl^j ■ . .~ j" /4 

1 1 ( / Li) O' 3^ lAl i ti n-* . ^^1 44 . i I i U j j .^jlrxall J3 Jjjl , 2i i U~, ... VI , 

EuA(}H)<E UA (}H)<E M (!U)<E M (}He) 

.SI3JJI j\j2luu\ jtj j » **-—>' iLSlla ■ "« 

22 (jijoill 



( A) ,_4iSJi jaJi aJVoj (£ //a ) JSJ KijJI AiUa Jlfcjl ^ Il J^ v 

.O^jLu/i I 

-E = — j ( MeV/nucleon ) 



- > /// 



200 



240 /« 



o)ol> <yo)\joi 



21 (jijoJii 

• 3E1 9&(»£uji]l 0I31 j-»jo! 

•f»3AA) (N) jocj (Z) vili3j3 > Ji -)Jjc ki£l /I 
W G Li)—7,01601u si^i 0 i ijj ,2 

,(lu=931, 4Mev/ C 2 3 m„=l,00866u . m p =l,00728u .^..j) 

.(Am) ,j<aiiJ| . ....-0 

Ei(jLi) j»3jjoi!i 013J (^35*11 Joj jji 4 iik> . . — i /i /3 

■Eua ^ 3 ^ ^4 ^41 /^_j 



* <U3jjfl AJ3J JSJ Jtaj>ll Ailla u U.~, /4 


;h 


}H 4 2 He 


3 Li 


0(34)1 


2,77 


1,09 7,05 


M , 


E L / A (Mev) 



lAj^.1 AA^3 .Aj^j JSJ ku^jl aiUo Ojl^j^u^ (//,/) 0I3J ^4 oOA ^4, 



JaJI 

( A/ ) «iilJ3jJU]i jjjt3 (Z) olj3j3jjJi jac. /I ^ 

2 = 3 Li > ijA (*3 . < * ‘ . ‘ " l 0I3J 

N=4 : jujl.3 , N=A-Z>. u^3 . N=A-Z !0 £j . A=7 9 Z=3 

(Am) Ljl ■ 1 1 .. -> . /2 
Am — m nuc i£ 0ni — m noyau ■. jj u£=> jlssji ^ a ■ 11 ojUc. 

I O^! ‘(^nlj ( Mp)cy> ,jLt (jAjuo' U . I ,r 

m «uciiom = Zm p + (A-Z)m„ = 3(1,00728) + 4(1,00866) = 7,05648 u 

m nuclions = 7,05648 u 1 AXtj 
Wnoyau — M(J Li) = 7,0 1 60 1 . q! U<^ 

Mnucttons‘ > Wl noyau 1 o' icxs-Mj 

.. SljiJl3 0U3JI0A1 (Am) JLiSJi (_yaijJi 03SJ3 

Am = m nucUons - m noyau = 7,05648 - 7,01601 = 0,04047 u 
Am = 0,04047 u 

Eld Li) *'3*' ^33^' AJlia - 'I" /I /3 



E L ( 3 Li ) AmC s JUJU3 ,E — mL ~ lli.».i qj I-..?. ._. i . . 

Ed/Li) = 0,040470(3. 10 11 ) 2 

( Eg ) -j 0^3 (m) ijisji oo»-3j ojj^kjt ( Am ) o^ 







23 (jijflill 



.(jJlill JclaiJl Jaau 

23 9 5 2 U+‘ 0 n » l4 5 "Xe + }Sr+2‘n + -^ 

■ (Z)j (A) ,_)f= AajJ Jtjuuui/I /I /' 

•‘liil?-! jj-1 5 Jijj-Jl JcUiJl UAA p q j U /«_J 

i AjJUJl Ajjjift ~ — ' 0 U.~. ,2 

m( 235 2 U)=235,0439u ; m(fSr)=94,8731u ; 
m(' 4 £Xe)=138,9185u ; m( l 0 n)=l,0087u ; 

1 u=931,5Mev/C 2 . 

? Oj jsua AiUa Ifjl ,jj» Ji^bLu i. iu*— > 1 Jg , la~<ll LiA i _ J 3 «'l 4 4 1U.l l , ...,-w l /| 

.(235) ( 1 kg) I 4 4iu.il ^~| '|~. ... I 

. !Na=6,023. 10 23 1 JJLC. Jou 

"i tep ijlall SL»" u*uj AiUo J3>ijJl jjJo i o' Ij) /£ 

(235) j* ( i /eg) jjd* 5 yy »i*Jl AiUoJi 4< . 4 l^c.La 1 t(Zp—4,2. 1 0 ,0 j .‘tj.ni 



(2)3 (A) 



A— 94 : cp!‘ 235+ 1 — 140+A+2( 1) . Vj_i.ti .-ii_.jiii n c 



Z — 38 i o ^! 1 92+0 — 54+Z+2(0) : 4jjIj^53i 4axuJi ioUaui 



( rjXp)\j*Jb M~|U»iii^Ij« ,^'ljl^j A'lC. 7ti 'l 4 W I jlU.:.M Jr 1 4-. jA j ijjl __lc.LflJ.Jl 

■ AflUo i(jgSf)} 

Sj^oeJLoJ' 4-SUcaJ' ulmv /i 



Sl$j ^y£L 4j*jU bj j- * 14 II A^UcaJl ^jLS 4 Ac j *( 0? ^ ) ^^3 Si la "ill LlA 



JaJI 

/I 



/2 



: jJuSJl jo 2 uJl ,^4 /l tTl s.*4 *,•>» E — 7W C : J 4 JLUU 

4m=m (iWtt . r W( Wj 

m ( ^ } = m( 235 2 U) + m(' 0 n) = 235,0439 + 1,0087 = 236,0526 u 
m ( ^)= m( l4 °Xe) + m( 9 3 4 Sr) + 2m(,' ) n) 

= 138,9185 + 94,8731 + 2(1,0087) = 235,809 u 

* > i'^» <Uu«5 afrlUJlA TYl ) > ttlfgap) L*j 




oooV> 6 X))\joj 






^ v>» Ju^i Jajfc 1 1 

^ **** U ^ 3 jU ^' ^ J ei3^ ^ /2 

.( 52 7V)3 ( 40 Zn UA Jax, (“ 9 3 2 5 U ) Slii , IU ., , o! /3 

? °> L " i I JL Jt JA 



(JaJI 

<| J| . Ij 1^-j ,\ 

(El/a) Aj^ I Jil lajj Aillo l^J ^1 y lajj 4iUo l^J a ja-,... ^I i iu^| 

1^*3 i(A — 190) J! (A — 70) (jA I OJjj jl^saj | _, 'm .LaJl ^ aJlU-« UA 

.4lc^oi ^j-^Jl 

L^ 3 ^j i l I 4 J ji 2-3 3 ^j ^rlll /2 

Al^^l iu^jil JliUo ^ >ual (£ /y/1 ) If] ^13 ( 2 :! 5 f/) Jla (iOLouJl) aj^uSJl Aj^jil ^ 

• j\ CjI j 

JS^]l)j// 3 j"// 3 | 1 //jl«iLAuuJlA ! J 3 i^l l ^a, Jojj^UjullfJojLstj Aj^jVi 

ojjiii ( 2 >) P«) 5 i ( 235 U) (fertile) a,.^h i^i ai^i ijj /3 
(200 Mev) J 3 JJV ^ JOjlA AiUa jilaal IjA ^.o-Uaj^ jjCLMUl J! 

(Te) 3 (Zr)o* iO>u«l t 4 L«Uj i 3 jUcaij ^jjJi iaa 235 ai^j JJ 4 ,... -,n . 

.pUi r\u i$jLa 







J j>i *U^aLi JjjUi £ O^jJl ftAjjaniriQl 



( ‘Hu uoj flll j gtU ifSyM jlbarf^ll Jclai &uilj>) 24yij< ri)l 

lA-jby^^a ^0334 yj ax< yocjbjt ^wbj^isaJl JvB&aJt Jwljl 

, j.i <-> l j» l l J^jbjl ltj»- ^lr>1 Ti'i 

Tm Pu Np V Pa Th Ba Cs Xe j*S& 

69 94 93 92 91 90 56 55 54 Z 

jUouol >jVk:Uu I4) -ijJbaui .Aljlrtj JfcLAll — As j '92 E <U3jI (*?•{£> 

92^ + 0 H ^ 36 ^ r + + 2 u n + ailla aJjUILi 4 l_.i«~t l jSL*j IAjl»-I 

■ 4 K.il "ti l a X iUjliJl dljjjl 'jjtj (b) 3 (a)jfcL. / 1 
.(200Afev)b 3 jl>- ^ JjbJl ,.5331)1 JcUlUi tlliil ^30113321 *131 jiu.,;, M ^ itaU-ji j] /2 

■ 92 ^ ?5^b5^' o- 4 0§)j^ a ^ t -A Cy* <033111 AiUrtli jjjj /I 

4iUa!l j-# d . i « *— > gjjj ((jjl .K. . ^ J^-liu) C ^jOlII (ltttol) ■ f.f ijl ■ -■»'<- bj A_> 

jUrtlul bjl rtvij ,JiJl AiUrtJl L >uJu Jrtaj Jill jojOlIi <tli£=, ( 0 , 39 3 Mj) bjyflj i^bb 

• 2 92 11 (» 3 ^, 123 ^ 1 ^ (Ig) 

. jjjliill («ji /£ 

J! l£)i>»»J' blj3s«j3 <033!)! O^biUll ^ <*fliiinll <0331)1 <lilia]l j^SbfcjJl j)< 12 /3 

(235) (* 3 oj' 23 jJ| <U 1 ^t-> , . - in > -' dJL& Q a.rt . 30% J3J 2-»J -^j* 1 ^ '2 I' ■■■ 

djlb 2^ < —> 4 l rt.. i 3X0 a£.llrt~ii.il Igji l»lf Jo- 1 3 j»3j J <033!)! <Ojb 24SJ1 < iU.-w' 1 a^l ^j'.,.,', 

. ( 900MW)S )\. -3 

/M =10 6 ,W=6 ,023.10 23 . M(C) = 12g.mor' = obW 



(6) j (a) JJaaj/l 

fl 1 42 o jj 235 ~i~ I — 92 a 2( 1 ) : ■ t /4 ^jlisui jjulIi iia**- ^ 3^13 • <..■•». 

b = 56 o^! 92 + 0 = 36 + h + 2 (0) ■ . ■-■<•■ Z^y^ m.ii u^ ^j’' 1 * . 1 -^ 

( Z — 56 ) l^l v _ 3 JLjJL >3 .jj X V^i ( f, X ) 3 Urt.it l^l ^yt i^cjljjl AjubJl 0 I 3 -JI 3 S i 



142 

S6 



Ba 



(jA 5131)1 ! ..J. K ' . ^ Ba ^323 LJl 513I U X 0I3IJ1 o' L>* -i^=Llj J3-b«J' <_J! > 1^1 Wi 



b 3 iL A-1331J1 iiUrtii 3JJUU /i/2 

: ^jL. la ^ f 3b<3 3 jJi q-j 0 g) 2 ^ ."' i 0 J ^3 3~»-'' i ^233 ■'! iialV-»li ^.1 . la'll 

200 . 10 6 e.v 

« x 200 . 1 0 6 e.v ^ ** W 



33JUL 33! jac. 



4m = - m ( ^)=236,0526u - 235,809u ; Am = 0,2436u 

. E=0,2166x931,5Mev .^isb lu=931,5Mev/C 2 0 

£==227Mev 

\200MeV) 130^- ,_ya ^yk 5a»-i3 013! 2l lrt . i . ii ci^ o-» iiUrtJi .bii ug- j 

(235) f»3jjl23J ( 1 kg) 3Ualb\ 333afcl*Jl iiUaJl /-j 

92^)— Jgf (&) ^ (- 235 ) f»3bl33jJl o-» »as-l3 51 3! jljUju 



•33il£ 3isi JJL£. 



235 

(g) -> 227 Mev . AaiVUi aacliJl J^, 
lkg=1000g-+E 

: 4 Jl 4 ^ 



£ = 



227 xj 000 227 10 23 W A 227. JO 3 x6,023.10 n 



235 

W A 



235 235 

E=5,82.10 26 Mev 



' (/) j! (Mcv) »3>aLx*Jl AiUrtJl J33»i 

E=5 ,82. 1 0 26 x 1,6.10 ~ Ji ; .^ 3 . lMev=l,6.10~ l3 j oi^JLu 



E=9,3.10 I3 j 

(t6p) ^3 j2li1\ *32^L*Jl Ailla)l -jLt> /^ 

. cp! 1 tep=4,2. 1 0 9 j ji Uj 

93 10 13 

E = — ^ « 2,217.105 * 2217 tep 

4,2. 10* y 

l>* 22 1 / ( 235 ) ^3^^ J ( 1 kg) 3il rt . i 1 . 1 o-° 533 1a" . a. l l AiiUrtJl o' *-^i 

.^331)1 3ilrt.i1 ’i^l 4 _.aki Q.aSi"i Li A 3 J33~.il 






25 (ji JflUl 



! AjJUlt AijU.alL r.'u 'ij ( 235 ) f » ol^j jUeiilijl o ! 

0«+ 2 l 5 2 U > 93 z Zr + , 4 5 ° 2 Te + x‘ 0 n 

. (X)j (Z) AajlS JLa- / 1 

.( 235 ) OljjJ 1 ^ 330 )' iajjJl ASUo > i m a-1 / 2 

.( 235 ) ^>4 0JJ-I3 0I3J jllauul Jcliu Oj>aLUJl A 3 Ua)l ^ u>-l /3 

£/7a ( J3 Zr )= 8 , 6Mev , o*A^> jsj ( Te)3 (Zr) j ^ 3 ^ i^Uo <>»" 

Eu A ( , 4 ° Te )= 8 , 6Mev 

1 oljlau 

m p = 1 , 67265 . 1 0 ~ 27 kg ; m n =l, 67496 . 10 27 kg 
m( 2 92 U )= 235 , 043 9 u 

! N A = 6 , 023 . 10 23 mol ~' . aoc. 

. lu=l, 66054 . 1 0 ~ 27 kg 

JaJI 



(X) AAaij (Z) A^jlS jb*j! / 1 

Z—40 : cp! 4 0+92=Z+52+x(0) , (Z) a-oU ai^ji ibii^ji ■ .““> • 
x=3 :o-i! « 235+1=93+ 140+x(l) ■ (A) 0^31)1 

(235) ol^jJ lauijJ' A&Uo 



£,( 2 yj (J)=AmC 2 . QjiuiPji 

Am=Zm p +(A -Z)m n -m( 23 92 U ) . jun^> .jiSJi 0 ^\Am ^>- 

E L =[Zm p +(A-Z)m n -m( 23 9 5 2 U)]C 2 = cp! 



1 1 n — 931,5Mev/C~ a « _ < aib aj uiu m^i (aa ^3 *( u) j! (kg) ( 

. o jJiLui (^jl'nii i.il AiMc. 3 j ‘ ^ 3 (kg) J! ( W) tP* '^ x3 

m( 23 2 U)=235,0439u=235,0439x 1,660540. 1 0 27 kg=3, 90300. 1 0 25 kg ; 
E l =[92x 1,67265. 1 0 27 +(235-92)x 1,67496. 1 Or 27 -3, 90300. 1 0- B ]x(3.10 *Y 



El = 2 , 793 . 10 ~'°j 



E L =1745,6Mev 



2,793.10 10 
1,6. 10~‘ 3 



, Mevj\ 1^3=^^ 



lxWx200.10 6 l x 6,023. 1 0 23 x 200. 1 0 6 




m = 23 5g = ajo^, I4J W) 

nx 200.10 6 e.v <~J 235 ) £235 l0 ji 
E ^ f 23S ) p AJ31I (_y* 1 



E = 8,2.10 w j 



a All jjjP (JiJl cPl (Asaill a\~£— . .. I,..-*, 

235 j , 

lS 33 jjcliuj 92 U ( lg) AiUoJi (ju.iij 

12g = 1 

0.393.10 6 j <- (wjji ^2# : cp! 



8,21.10'° j «- m c 



m c = 2,51.10 g = 2,51 tonnes 



• jpljjJl /J 

i^33j ,j£.Uuj LIA3 . (8,21. 10 IO j) Jjbu AiUo j 



*4- lA J • 1.10 ,O j) Jjlaj Aslla TO) i>* 2,5 It (j!3 

(Jcliu) (2,5 It) lAjjaaJ (_yjl AaUoJl AiU o jjs* j lSjjj (lg) Cp! 

.AJ33III AiUiall 4 j«al L1A3 (ijtjo-l 



(235) j » 3 ■ ii j 3 _.ii ai’.a-. ... -w / 3 

30 

(*) Aj)i 0J1 AilkJi = 2 luU w«SJt Aaiwi 

iOO ' 



E iU = 778. 10 ,3 j a^s E iU = 900. 10 6 x 24 x 3600 ^ E iU = P.t . jsa 

100 



7 7A? If) * v 100 iv\j 

Q= ’ - ~Q=E, u x u^(*)djM'^0^ 

30 30 



8,21.10'° j <“ (235)?*l i >A\o*lg ,Ua^3 (1/2) J13-J1 o-3 

* 2 + J*-’ 



2 , 6.10 <- 



m(U ) = 3,17. 10 3 g = 3,17 Kg J m(U) = 



2,6. 10' 4 x 1 



8,21 



Ajjt) 









a\,1. a I'.A , 1 '■ ■' ! . p P J ■".**- J-iuaj o' 1$ ift aj * '» ■■■* 54 Xe OolSjJl o! 

• JJJ 1^9 v - J '^ 

* ■ MC«*.ll dJ^ljua 11 — > ' / 1 

.135 o i>« i '-4 LC /2 

(t) j(tg = Os) QA'i'lVn))' jj JJlt N 3 o^ 

/l a_.<- u.t. yi ouIj3 t <0^jli N o^ ^ /' 
.^^Jl JO^Jj a-.j.tl A ^UaiVl JoUiiJl k >JJU . /'t 1 

A = /^e " Al o' g~ < ■ ' < “ ■>3 A=AN o' o* 1 

/ttA jjaiJl SjUf. iafci /£ 

.Jl JUUI Aioj^ll J lnA = f(t) Jim HJiaj/3 




. ( J * -'I • ) . flip'll' 5 j\3 t j / 2 3 3 u ^ 1 - 1 ^ o ~ ' "' 



/? .MgA-.l i 20jbu> / 1 



/JJ 



Xe- 



0„ , / V 

_,<?+ ^ A 



A = / 35 I 4 JU .3 135 = 0 + A l=J L a *j A >Ui joc I bU^i o>>^ • 



Z = 55 4 ju »3 54 = 1 + Z Ja»j Z <» i-n < M i loLo^ji o>^ • 



'55 X ^zXb\p}\AJj>$ 



(235) f *a>* &>ji jIUam ^ ; 3 



£ = £ 



*iUoJ Ei( 



E=[E L C 3 Zr) + E L <"°Te)l-E L ( 2 » U) 

E L =Ax8,6Mev , 0 i! E Ujt f 3 Zr)=8,6Mev 10 sa 
E L C 3 Zr)=799,8Mev , 0 j! E L =93x8,6 ,*±* 3 A=93 lfr . 



E l .( N0 Te)=8, 3x140 , 0 j! A=i40 Ifr . E UA (' 40 Te)=8,3Mev ,oja^= 3 



E L ( I40 Te)=1162Mev 



E=(799, 8+1 162)-1745, 6=216,2 
E = 216,2 Mev 



8 




\o 



CM 



3 

3 

:d 

J 



’I 



3> 





'GU * 3 sHJrf' 27 «**»»' 

* jlxujhft 4 jiflj ilr^lll 4xa> 

^joLo^Jl ^y3 Id^JLiuo^ .^Ajl 4 jQc 

jJu-au . •> ^> / j* jLjLflJl ^_yi> 4*m4 SjLo Aj 
. ^ P ^jl bo> wl3^Ji ^ 

. JJLSLfljJl 4j jIjl4 >, a a^->I / 1 

* 22^ 1 4 24 Cr i 2<i F e 1 

4j^ji/l ^4 yv laxu^uli JJLxll .JIJlxJl 4lrV»l^J . jLLu/ifl .Jul4^Ll)I 4j£t> j\ai 4..» /2 

. Z _1 / — 3 .V 4jJl 4 j 3jLi 

s JUJl (J jJbkll ^5 jjLuJl (j 3LU 3 ^ l*~ — i j jjLuLuaJl ^js>u 

T 

0 2 4 6 8 10 12 

(min) 

N 1586 1075 471 471 355 235 155 

A(Bq) 

LnA 

. N N 

. A — — : V \r I ... a .^jLjjJl Jg. I?fcjl /l 

At 5 

.In A — g( t ) 3 A = J ( t ) ijjjbjJl pMi) L*4 Ju> » JluMjJI i yj> jljLu/ifi ,jiui /<-> 

. A g~l ilml ( AJ i T jty^ LuLu ^jjLLuilj IdjLu j^£= jll ,-Q-UJjt 

5 A i r i /|/ tl ijp^ 0354 C£i ~‘l* lS* /£ 

JaJI 

JJLSLaUi 4jjlx4 <ull£=> / 1 
; 5>JliJl>* ol^j ^j~ a yj * Y ^IjuL)^ P jJLuaj f K ^ j»5JjUUJi /2 

— > [3 + ^ + 3. u. !•>• 31 

7 ' A _i I 4 ) 3 jlj jb«3l 31 $jJl 

1 6 yb ^33^1 0y*j3 033^3 3? 3^ (1 (^ . * » » > • • 
oX 5 * tS39-J' £l*^! • 

— ► _^6 + qY + 2 X ■■ iUuUJl AJ 33 JJI AJjUll ^ !_ya^3U 




Xe 



>+ *X 



oja*. ajjuii . oi 



t$ A aJ^jli N 3 jLl£ /i /2 

^ ^ (1^ ^^aSLioJl ^.'il a i 

-A (>J c.lxUi^( Jolilijjl 3jbjC /^_j 

. dN 

A = — diMilU wa>j A Js»U*jJi 

l It ' 

(IN 

— = AN 0 e *' oj! N = N^^jSi 
at 




ItlA 3 jLlC /^ 
In A = Inf A, } e *' ) = ln A 0 + Ine ~ M 



!n(ab)-lna + lnb ; lne c =-c 



In A=ln A„- At (1) ■. j*Sj 



.t-aJLui 4 l i 43 Lull ^ {Q 1 3*111*4 < 0 jLl 4 y — b at ^JSluJl ^yi 3 JjijL 4 D Jl ^3 

i JSLiJl { jj» £LJjLju> Lull 'ja J wjJLu ALu <i_ia~... ■» lai- 1 11 A = J ( t ) oW^' o! /!/ 3 

y = ax + b 

. . ( 2 ) : 



In A £j» djJoiiu a l^ai hLfjjjj bj ^ u ■ **_■•*- In A — at + b 



b — InAo 3 a — (J^li = —A ■. ^jdayui £. « p'-ia iii-ria (2) 3(1) jjjjJjUli o! 

1 1/2 3 A fr\~l i~< ml /kJ 



(2) iUlaJl 3_)LuJl jj^Jasfcj ( 1) 3jLlx)I o! J jij I jJ 3 



-J 



A « 2,1.10 s 



t, /2 = 33007s » 9,17h ,a ^3 t U2 = 



, 6,32-5,57 

JLJb 3 X. — — JjII — s LUjJ o^ 1 ^' iV* 

- 0-10x3600 ' 

In 2 

0*3^ l i/2 - — 7 - ! 



/«2 



2 , 1. 10 



-5 



Auiu CSiy^u 4-aU jjjUi O ^ «]] 















00 ()^ cW$>dd 



^ . 1 2 cm mi 1 2 min t J 4* <31*4 * M * - * 1 34*" 34 ^ / l>°>^ gjIi^j <^Hi (*iuji Hi 

iuij t ,rea»j . '/cm _i 4 win 3 2cm _> 2 min Ji*i9 . / ^ 4 jHjJ a^aJU suiMUi 4^1411 jur^ 

■'M 




317 Bq — » /0cml 
1 58,5 Bq — > 5 cm J 



: ^oju^JI ^LoJLJ-luLi^ 



/v «5,S min 



: Jb*l9 C& J> ~‘9 OW3' 3 4* j fl l l oik <_}ilj 



T >— • 

•. ^u- , a „u*n u „., t jai ^La . 4 <^, <Uu ^ *Uuii Jut. ^U-oj UJ 4 _ujLj 
, jijj f*j . 0, 37 x. 3 17 ~ 1 17,3 Bq 0,37 A 0 j^a jLu «ui*j 3 I 4 a nil uu* 5^*14* 

. r . i^.ia oW Is ojjt 



^jjgjiiu L4ui <2 fl / a ml l) A 3 Z ialistii E <J3jli Z 3 A Jb«jV 

A JoLa^jl _) 31 Uj 
A — 52 i ^ jt 52 = 0 + 0-\-A 



Z = 24 



Z lblosul 

= oH 23 = -l + 0 + Z 



> *!*> fl~ Jl 4Jjlx* .... C i ’v’i 111 I 24 C 1 ' <_jk 4s»jljjl 5131119 . Z — 24 <jLi j_i*Vi 24 o' 

' Lh* 



V = ZCr + _° l e + r 



/I /3 

,AN_N 

A — — <j* ^*111 j_><aj » iui>- 

At 5 

A — — — 317,2 <jji t N — 1 586 3 3 17 * 1 1 <33*^ <015*11 a , ... i u . • 



= 5,76 .VT. .9 In A 




(^Cv»3 


A» 31 7 yuiai (J*ol3iS ojoj (J! Igjjij 










In A & 


5 , b . i $ diuaUJi Jlxj j^a j Ji 








: JUJl J3JbOl 3 jOj ^yjl .(* j.flll 4_| fli 1 4 mi ilL) II1SA3 


t(min) 


0 


2 


4 


6 


8 


10 


12 


N 


158 


1075 


741 


471 


355 


235 


155 


A 


317 


215 


148 


94 


71 


47 


31 


In A 


5‘8 


5<4 


5<0 


4<5 


44 


3‘8 


3‘4 



A — f ( t ) jliiJl (*«) J /wl 

' i 1 i.Ull ■■' ‘ 2 t a 13 4 * j«9 ^ — »' i J l L43J jO. 1 * . jLu . i ...1 « a « i 1 1 1 jLajl^I > _ 1 -yj 

3 iu-vulu) itui / //cm oii 10cm -j jUi> Vi jxx^jk. 1411*5. /! = 317 Bq ^ A J 4**i j>^»l 
■ (*linll li>-lj o-l! .4 imLiL* 4 *_i^ - ~. il*— > 11 Jllli (Jj mi ^lc. 5cm lj jO>-' 3)3 

317 Bq 10cm 



317 Bq — > ///cm 
215Bq — » X 



: <Lu Mill 5 Jlc.141i ^ 1* 1 , A — 2 1 5 Bq 4* <4ll ^Lul* jLs«jV . 4 j 1 c ,3 

X=l”x,0 

317 

X = 6,78cm w 6 , 8 cm 



Ju*j 4.0 Mill 5JX.141I JIajlI-uL) (*_iflll 4 jJcuJ 4 .i n J Li I, rtA j 

A(Bq) 317 215 148 94 71 47 31 

14*** j ^oUi* JOcm 6 , 8 cm 4,7cm 3cm 2,2cm 1,5cm lcm 








In— k 5,1 
2 



• o-i! ln— = ln^- = 5 , 06 » 5 ,ljSi 
2 2 

i A) 

In ^ JjIIlJ Lo JOfcj ^LU jjl ^jjAjJLA JLoJtjUiiL) 

In— = 5,1 — » 5 , 1 cm 
2 

ty 2 ~ 3,7 min , jbojj oUJ' J! 5 , l cm Jin 



r jfcjju • 

ln 0,37 A n =lnO, 3 x 317 « 4,8 ln( 0,37 A,,) jfyt ,r~. i X ^Xi-yC) |*jj 

x = 5 m/fl jl»jus oUjJi j 4 , 8 cm jio ,*j 

2 JJU • 

, 

4 A — — 0-^1 ‘ A — — OjLl&II J > 

5 r 



X « 0,2 min 






Ol d i~* i l (O-ui ^3 (ji JSJ fjSiAj V dj^f idjJuaJdl OljLuJl d j I . gl Jjljlo-Jl /T 

.Ji nn i ^ylUJljj >~il«_ifl~mill djl> j Lai jjLUjI i nVi ¥ ^JLdLij oULljJ' 

.Lujij jljIIjJI fjuJu Jx. o' a_i fl'n. ill dJb- j 

(dulail wubg) 28 ^jijalll 



• 26 ‘ "j H ( 1)2 U I 2 He I djjljjl jn o li al l i Ja£.\j i^ljull ^' i -x il l ju-a^lill sb^-ftil jlluil fO-uij 

9 dJLa 6. 1 jlflll La S , ,i t» i 1 1 Lift (AjjiI La / 1 

.^LaJuillj jllniii i^l ^yt U‘—' uu jju loci /I/2 
.^LaOjVl OJbaj jUouLj^l OJbaj j_yJl diuLuJl jin' oil ^y> J _ 1 _>- /v_J 
ji nif jjLxJu V da_iilr->ll j OJ jo- jll ju->li«ll JJLX. J j£=> j ■ .■/ — 11 La i^'na ill IJlA (Liu /£ 

? fjjuljjjjl 

^jisLojJl Lilia (jl ulc LAA JjUJ i(^JLxa) fJjjljJjJl jii j 206 jJUjjA\ j^Lo'^JI Jx. jin /3 

: duJLiJl du J jJjl 0^1 ill 1 1 Imo- i^yX la.i il 



(3 9 «uV5=i ™U-+™Th 



231 

91 



Pa 



234 



n U->ZTh-*...^ZPb 



238 

92 



U 



9 a ifU.t.yi d 1 , i l 1 , i : 1 1 aJA ^ p iAISuljJI Oj> l> V lull n * 1 ' 1 2d /I 
> J *l pb + act + bp 1 djj jjJl dJdUll j dfl l'ni .11 O^JT.II (Jovial ) /i_j 

• (b) J (a) i jj X V-i' l g . i , 4 g. l i. ’im l 



ojo \> 



\ 317 Bq — » 10 cm 



1 17 , 3 Bq — » X 



: JLUl^UilL. 117 , 3 Bq ol J=o ^Un^li ^Ui, jUaiuiL. oSJ 



y 117 , 3 x 10 , 

^ » 3 , 7 cm 



x ~ 5,3 min 



317 

■ oLjJi Ji 3,1 cm jiii 

X, 



e 

e 



A = 0 , /^9 mi/i 1 . /l = — i X = — q\ foJuLi 

3,i r 



j -i 



X = 3 , 1.10 s 



>X = - 



1 



5 , 3 x 60 



* d-JtiJ J! (JjJSfcUl ,ji*J3 



/«2 



. 2 , — d 3 Vjl ]1 JLojlIiiiI Liajl |> 1 a 



t, A 



In A =g(t) ol*i • 

In A = 5,8 —> 5 , 8 cm 
In A = 5,4 — > 5 , 4 cm .10^3 

t Ju jLlJI ^'Lj t 4jifl i) 4n» 4 lb t Ly uJl j-qi 




LiJh^ .dJL^I^ J Jlc. ioUuJl ^_ya JJL£. JuaO^ in aft v. , a 4 i^oil icaliuJl ^ 

^ 2 u V ^yJl lalajJl ^Jb ■ -aj a" ...ll ^iift .>“i\ 1 in» ill bjlgi fl 1^*11 4 na ^ >i 

■ 4 ilolafcjl l^LoLaj > Ij. Vt~» ^SLo-j %lft >>"»U in* ill j ^ * Jo la-lll 4 jl2u ^4 4^»\a. 1 d « l 



n . n «a[n 









•^33^ 3' . jlicsulul v * I4] JjJltkj ^yjl ^oollxJl^ , 4 i a ilr>)t j S^JlLxlII ^ualiall JJiz%j 

. L^UJljI JjJbo j_yJl ilj^^j IjUnJi'il v x .>> l Vj ^yjl ^ja_j ^'jju 



tLoJu^'^ S3fl\ jllrTiili i V' sJtUjJu /i/2 





. ( 235 j» ^juI j £jJt ) 7)-> lj I jlLaulul ^yJl 51 ^jjl /u 

Cj\ f» jjjyj J jl ) | H <jy £t bvloJLi! JjJLxj ^yjl Dl^iJi 
1 IjlA j Dj^bllb jJl l^oSJ .L>-Lo jJ\ Sy>- 1 Aj ^ji Jld* ^.AnJL 




O 3^SJLj [JSJ Iaj jjl JHJL)3 7 )2 5 £/ Jlxj jj^aBLiJu Aji . 17* O 3 ^*"* * lbj>-V /JT 

v * 1< 5"> I 4 J s * t, iTfcj -^-ijlU,'. M La] .5^.5 ua,d (> ^jJl JLxj ^aoLlaJ' Ji=> ?x.ju<V) 'JlSI A j . ( l^i / 4) 
jjuq[ ai!> jLojC. 1 - i AJ^liLa 5 jouo / / > a*^j 5 yJa I4J ,ji ^4 ^*~ — ‘i ~ * 1 a*— -> /> ^i ^3-Jl ^4 

Ajiubj^fl 5 ^ 5 Jl ; 4 ii AjjliL 4 5 j±+£==> jl.aci v^Lu^ji I4I 3LB .Aij A-a.1' j J> y>~ 

. ALJL 3 ^LlaSL, ^ 3 ^ ,A»j lUll j lAljJL> 3) ( AJuu jlaLo 4,5 ) 




Jail 



_£ . 
.Q £jujji ^A = A ) ^yLjuit 4i / * 
A 



\ bJLjlaJl 



. A % i iUl l j <^->l i ■»! ' • iZjIj^jJI icauj A 3 Usd Jl b i j 




ln- 



N v t 



= - ln MliM) olu ^ 



Nut + N n (t) N v (t) 

NA t) ' 



t- — In 






N u if) N v (t ) 



. Aj SjLuJl 



/ =— In 


fl 1 A ''» (0 1 


Ay 


l AkW j 



Ajlloj hft 3j£)l oJLiu /£T 

W 

M 



xt tr m .. m TV ... . 
N=JT JJ •0*>-r r =r O'^ 



JTm, 



m u ~\g = 

m Pb = °»8g t« Nph= ^206 



235 

rni>k 



m .r 

^ai jjlc • 3 '"' 

Aijili 4j^jl jjlc : TV 

4 * jill 4i-,4^ ! a tt 
. 4jJ 3 II 413551 '. A/ 

235 4 mi ilb 

206 jJJ 4 i n * * ) Ij 



TV„, 235. aw^ _ 235x0,8 



206x1 



' A 1 * _ 



TV,, 206.aaa, 



5 0, 913 Jb»j jlxaJl 



i c/i ia-io^-1 ■> _ 0,693 . 2 

1 , 54. 10 a , Ay — ■_ ~~q s o-i! * ^w, — 



ln- 






t = 



1,54.10 



4 , 5 . 10 ’ /,„(£/) 

(.S’) AxjljJl J! ( £/ ) A iiult \Ju& A> 1 >» ^ 

In(l + 0 , 913 ) i ..LTt.iia ojIjli.Ii j L)« 5 *i 






10 



t = 4.2xl0 9 a 



jLaJLj 4 , 2 ■ ^^Uaij AjLubjbfl 3 ^SJl ^ 4 C ij>i 



*3 34a (3 vll&aJl Ul .iaia P 31a jjSSia 3 l 4 j 1‘LytaJa^JSauiJu,, /v 3 

■ (4j£.' , lr-> i ^ l) 4 j>1 -».' ii . i1i 4j 33^I vj*3=*jJ| ^ ^1 



238 v 206 



3 v>J 44 iJl (JL»oi wjlui*. /w! 



92' 



82 



bfi u* ftUrtill 4_13j.il ai \l» 1 i 



-I 3^ P (4 juiTall 

2 He? 9 A 4 \h\£ ja « 

— > ~ 8 2 P/a +0, He +b | £f : JLj J> ^ SJjUll ^ii£j Ql 

, Z 3 Z lolii^ji J^aiuij . b 3 <3 j_. »~.i * 



o = S 



^fl= 238 206 <lu 3 238 = 206 + o(4) + £(0) = ^ Z lau^i o^ua . 



b — 6 92 — 82 + 8(2) — b^ 92 = 82 + a( 2 ) + b( — 1 ) , Jcmu Z loUstji ,j 33113 • 



1jluJUU3 b 9 a l <A ijjj 3^7*4 144a 2 »JjIjl4 ' ilir»T«l . Z loLitfcjl Ulaj 3! :*Ui^5La 

LAl'jfl ? - ' 1 Lil lJ l»- i A lolissjl ^34144 



£ 1 1 , j4a] 1 ■ t _yjl 4 1 , H i lAj. 1 fll IJU 3 .4 i 1 u jbLd 4 J 3 JL>> ^ j4f. ^j! /1/4 

A-a j 3Vi^>li 4 ,lcl3 j» 3jjlj3jJl ijl l»£=> -' 1/2 ( U ) j» ^julj (3^° 3 j5L)t jl> 

jUJ^I ^ ^yjl 3 I JljljluasJl ^4£ 3 ! 4 Ajl>J| JliLulSJl j^JLjCU U«i . Aoxojifl 3 ^5Jl v 

M C J ^ 4 LdVi J 3 JL> &t\/2 J* c ' 3i*Vi I 4 J ^_yJl Ajulill Ajl t . i i n 1 ^' > ^ Ilnj .x A l flll 

tljui • 4 1 1 li a j 1 4 ^ sHtljL) \c. ^L^-i ( *” CO2 3 (2O2 ) 3^ v ijA lj 

.Jjiajil JiIxlu Jx: (jLujytj j 3$*3 cpW^' tllaiJl 



ABMaJi ^jLlj! /w-J 

Nfj (t )= N a (0 )e *" ' ( 1 ) ^1x4^1 (j ^ i aU . 't li 4bU*j J<a*j j» 3 ^ 03 ^' , ‘^ iL ' 1 * 

4 j 3 jl ^3»s«^3 .jflj uj.a Pb (^Uoj i_j! (jg-lxuiyi 4 lr-> l, i i 1 (3 238 j»3jjlj3Ji • 

.(> 3ju1 J 3jJ| 4 ■ '_■ c 4JLaU Ij3Lui 4 03^?3 Ljjb (jiuj 5133 ! + 

TVy (0 + TV,, 6 (/) = TVy( 0 ) ( 2 ) ^ 

: jd^s ( 1 ) abuii j( 2 ) 20jI*ii <y N v (0) ^ i »»3 
N u (t) = (N u (t)+N n (t)y *" 1 
Ny(t) _ A 

Nu(t)+N n (t) 

In u ^ = lne _<UA ( 3 ) , j / aa J i-jb . e jjl^i ^ ,>» i^ 

A^(0 + ^»(0 







^1/^J 

|J yUJI |^i C Mfe ||fj 

© .»>**)! 3 gM< 3 <^I>41 3 



(R,C) jJ 0 d S^jJIl o^j ^JWffJTI 



(R,C) SjlJll / >'jla A~»jJ ♦ 3 o»^\ 

JUjJI 0X3 U3 

tr^j' u& >$ iv > S i j!ili Aiill4 ^jla Jjj jjjjJI jjkj 

AiiSJl /I 

dsu5ooj\ V_xp P \jjuO — 1 — 1 

tci^i ( dielectrique) ^ ^ ^ ^ 6 — * Jj 1 ^ *.>.i ^jJliUlLa ^jlsl ^xu.^jJ <uuSL«jt _oJgi> 

... >— •»*'■.'! *U5j.^ 

.^JjUloJ' yflylLl a 1 1 s ^-AjlSLoJI j-4j J 

( C| ) diu 5 Lo^V dj^tu) — 2 — 1 

*»<»"> ^ 4 " ■ ■ ■ A jLuJ i> _ 3 jl_j^i=> jJ y° ^ .Uv A 4 a iSLa l^Jj J-Lc 

2i_. 'il ij^ 4 J ( 1 0SLU1) iULxSLoJl 

^y>dkj jJyall » *>■ $gJl - iUtaU » iayi^aJl (A) 3 *1)13 J 

>((J\) Ai >^4 4 -XJ l-l > 4 - 0«aIi_l 
jJ^qJJ V-JUJI • «t^oH > ( /^ ) 3 _JlJ »3 J 

>(CJll) 4jJLu <Lljljy^=> i 



vl>Laui=aJU ^wrvjt 1 1 » jLcj 




A B 




q~ Qa~ \(Jb\ - «UcxaJ J£= 



Hard 



Equation 



.( C) 5 J 3 SJL 1 ^Uu 3 .4A2k£LoJl 4i?>^« ij 4 \~*di H ^4>ui J 
.4flA.aH l^_i jOfcj v _ T oJi cLi^jSJl 4_*g^— > 4fl Agll 4 J 



. jiAX-Xdmil ( jjL) j3yoJl JLlLj^yAJ^’' LyaJ V .jJjLxll : 4-4 lA 4i-t-».M a 

( i ) «xji>9 ( CJ ) dj»X5uo.iV duloa ojj — 3 ~ 1 

4_i>uUl j-jlxj JuUl (/) jLjlaJI bJulg in><« cliji bj.M'k Ag)l ( (J ) 4fl AgH 4 ~i ^ . ;. ^yjj ^Ln.xj 

: 4_Jllil djLuJlj 



A 1(0 


B 


i- d( i 




-q[t) 


dt 



u c (t) 



.^LlILu Qj\ ^jIj yjU> ^)ljlJUtL4 ( l )$ ( ^ ) 



.(/>0) >, <>. ygjl dbfcj^fl ^yS ^J^SLj (0 (AilA-gj! j -b i « 4-1 L>- ) J^H-1' OJoii JJJtj <j) J 

<" JUJLi^ t(/<0) w-JloJl dbfcj^l ^ya 05 ^ (0 0 ^® ( 4fl AgJl j-» ^-iu 4Jl>-) jLlIH SjlL ijj 

. ^ <* * ^ ^l l 4 1 ^ I tl 

2i . ...1 1 “ a 4jJp«gJt 4-fl.A all 4 o\^ ( J) 3 JulJl «JLuIj j+. ~m ».A ^jLj jIjlIu 4_a-AaJl s Tii^m Ijj J 



(J— It t 3 jLul!L* JsajLj^ fc ( t) O- 4 ^’ t 4 





(R.C) 3 i^aj^jJII idlj mlWffllll 




I ^ y-LJ J ->- ^_yj) ^JUiijoj ^SLaj A.I — 3 Lc 4 

Jl 3 dJloSLoJl a jpfcui 4 -jlIc. 3 >jJ^4.U ( / > ) (OV) V j-A ( Ajl 3 fr -I 

.Jliij^l .( q ) J! ( Oc ) ^ y » Cj^jju 

lu -(Cj) 4JbuJL) LaLo-i ■ 



U c — E — Ojb : ( E) 4a_lflll JLi£. ( U c ) 4*xfl 4_x3 '~l l ‘<~l s ^jjloJl eyjJl J 

.(regime permanent ) 



Jl 3 AAjlSLoJI 



dJL>- /w-j 

. JLJl iJjLljJi i.3 t <0^ JLj W c j 3 ^jJl ( 2JSLUI) 2 £ub$Jl /C AjiLdIaJi 





f— R. — 


/ — < 






A 


^A k 


r ■ r 






< 


) ■ e h 




c 


2 


UR 2 










r 



2 ^jsLuJi 



M c (Y) Afll S La 



u ‘=* ‘J 




H { (t) j j 1 ^" 1 4 xpjlx^Jlg 4„i.l jlull I 4 xu1jJL}I -2 

AiuSU 4jL>- /i 

• (F) (^43^1 (JiUll jl"<T«j (?) lyj Ilyins Ijbj OV» (F,C) OjljJl ,_yS AalcaLnJl ,31^ Ajl 

! 0>^ beijl u-«x»ij ,_yJl <Lux»l>- (5)3 (.A) ^ j~ i lr> a il l jjaJ jj-xlaj 

Wmb = + «ab ( 1 ) 

Uma = Ur ■■ - >i£j 4J 3( j i ii ll 3 (5) 1^432?' tAA 3 CfcW 3* 1 Uma 

U A B=Uc ' vr'xS-j 4 J 34 XUJJ 3 ( C) 4 -aj 5 L«Jl ,_y 9 yU ^yjJ ,_yb) ygSJl 9 A s UXB 

U M B=E ■■ « .■ tCi IJJ E iOjli 4 xuxi 4 J 3 JlJ^aJI ^yS yla 1 >*J yj>i 3 l 3 * > UmB 

< .>T»i~3 ( 1 ) 0 jbxaJl ^ 



,£fpjCk)V ( U c ) P^9 ^ C[ ) C1 Aj£a)V GkiSjU) ,yjj Os^sSK — 4 — 1 



q(t)=C.u c (t) 



‘<0=c% 



: b jLlaHj u U«~. 

. t 4xj-o jJl 4 lr t T . H l aa ' i V all 4 _o^L , q( f) 

4ixi»H ^yi>a c^Lt^gSJI : U c ( t) 

.( F ) Jl jUll y* ^>4(1203 lOjb jlaia (jAj 5UiSb*Ji a«... . C 

, ^ , 1 Coulomb 

1 Farad = 

lVolt 

: ‘^3 ' ^ (J 4 JUXUJ La ojlf. VjJ tdjJjL^S ft. l-wj jljLflJl J 

lpF=10 6 F : (pF) s\j\x 9j s+»}\ 
1 r]F=10 9 F . (//F) jtjii^juii 
lpF=10~ ,2 F , (pF) jijiijSyjjt 

( lt c ) 9 ( i ) (yXi ~ 5 ~ 1 

.. . d( u..C ) r . dq 

OH l(t ) = •• aaOi^ya^aj . q—U c . C 0 s1 1 — ~jP o'l* 1 " 



4x>l& 2iU.-wM . 

(3 ‘lrt.ll (U c ) yx^xll a\>u\ (jn^f (i) ^jjbi yjSJ' jlxjJl ob»jl J*?- 4a ‘ i ^ a l l ^yi U3J Ji rt a 1 

.(le recepteur) bJi±v\ ji* uui ^ ^ a* 1 
(R,C) Sj'^I -2 

Jby56 — 1 *~ 2 



• (F) 4JI43I44 (^3! f* J" 1 '" 11 ' 1 (C) A.'a 'S .a lajj 3 Ih ( R,C ) . . i lr ta l l ^yUi 



dkiuSuo ^}!poxi ( U ( ) ;9^ diAjipViuiV 2 2 

4 _ l 4xxljjJl * 1 

U c (t) i j\(t) {yt jJl AJ'i-lu ( U c ) jji~> SLoljJLi U1 a m.) 1 ,J£uJJ y^ll , 

(E) 4'iajS ^a'n.iaH y3xU Ul^ Juan"' 

aa rt «3 ( R . 2 ) 3 ( Ri ) 0*^*5' 

.jXayjj^sj yi* let) 33 9 (K) 4j»lola9 (C) 

2aj5Ull ysuli 4j La- /I 
SiuS-all j_yS yla ^yjj j ' l. lrtl yi jl^a- (Jtxa3J 

.l^ti ^yxj ( U c ) ^SUy^SJl y3ll' ^ybil 









K| ~ IUU Ki2. 

C = 40 |iF. 


< 


)‘ v l^ 


— 

c 


U E = 12 V. 
b 



ljSilt 



. yjj. 3J3ySJl Jl.i'nuLi 4al~ri» a (t) 4 ttajOllrvr.l l _ T a( ( 1 ) 3II ^ya ( K ) A .lrt lall^xby 

(4 0 u c ( t ) tyWl' yj (*^ 




. t ► OO in J,r J! j j»lj <\a~jS -4 j! ja LJJU 

f liaJjl O-*! Jr^ 4 -A*£- 4 a *& ,A d jU c 



. .U\/»l l ^jLuJ s - Jl A- l J RC jUutL^Jl <A i*m~\ ^yLc ~r lUv.^-i.i 

.2uu\jJIj J^ju3 T—RC : T jJL» dJ ^3 ( C) 

: JUJl J 3 J 0 JL 1 dJuluiJl TljLLjJl ^a3slj 



t(s) 


0 


T 5l °° 


Uc(v) 
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U c — E LaiJ' (LLlgJI JlaX.) t—OS AlaadJl ^ W t - ^U-aJl j! 

. E/RCSi Ui J**Ji iu ^3 (« f = E)j (t=T=RC) tAUiU»! H 4 kkii ^ 



. 3 ^-0 -jJl ^^3 4 sjjlb O^b j - 1 



4 a 'i’v j jjj-ij 4 Jla- /wJ 

4 '.->-‘.1 1 (R) Ly Ajil\ (J^LiJl ^aC (Cj) 4 iijSL«J' 4 i -^ . i i (. 2 ) £±03)1 (K) 4 a]oliJl ,J*a- •!*£■ 

jljj «b»jl t_y££- 4 Ab»jl jjjijJl jLj 05C.JU (I) jbj J! (dcj/dt) jjj-*-? 



: ^U»lA 4^X>-*yLo 



A n*,<\ a l i ■ >* d > i v ‘.Cl 3 *jJ 3 * j3«3 wajJG 4-aoSLaJ' j$ lrT >. j 3 A l^ 4? = > ^iuJl jLu ol^ji (Lcu^t -Lie. 
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Ur- Ri : j» 3 l 05 ili^ 
UuU u^> 3 UC- J 

4 JU 03 



6 E - RC + M C ■ J?«^( 2 )ajju^i^(u R )^ uiial 

-l?u RC Jx. JUjU*]I ^ jJa 4 „...-„, 
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•Ok ^-3 43^-3 £4 ‘'-‘k_>Jl 0 " 4 4_ili^>Uu 4 JjL*4 ^^£3 

Jjjfl 4lO»Uu) 4 i~ni i»j (U f ) J . i t' ijl ^3^1 iUjjJl 04 JLjlublfli 4 J 4 U 4 .-.ji... j 

( — \ 4 mi 1 1 Li 

dt 

E 

. 1 * 30*4 ) 3 & ok _3>ia OjlJ 3 j 

? 4aLQ>liuJl 4J3U14J1 OJl Si Jj*- OJj Lo 
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.Igflfl u .i 4ji . >>~'.,»3 .<ulo»U3Ji 4 JjLx«Ji ^ (U c ) J 3 J 1 ioa o^- ^JLlj cy> ^£=iii o' qSL*j 

U t (t)olu 
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L 2,/lo 
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■ E 4jjlgaJl l^. ~ i 4 _ ■ 3 04 99% J! 4juSL«J| (ji 0*J W, J434J' Jj^aj t = 5T 4U»-».Ul 4ji iji 
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CjljljC A ^l aIouajI^J ^ a ■ ha ^ ■> t n ll '■ ■-< V V A l.i. a 

.L^luiIjJL) 2_4 uixJ ^ 1 j imi j jiuO O^Uf. IaA tUu£Lo ^Sfcui o! 

-5 ■* < ~~ > (C)$ S^_a i^—a (F) 
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.iubSL^Jl £jjju$ ^OfcJ, ri^Uk. <UuljJ ^SLa^Jl ^y» 4ji ^ aC. j 

jl^SLjJi ^ 1 1 4 r ^3 .LuuuJ ••> ^ / *-—> c\-Jua ji S^A llAl l jl^SLlj 

(GBF) ^jl^jJl ^yx'a^lkA jJ^oj (RyC^) Djljjl 4-jJLju 
A*jy* 5 jU) (Generateur a Basses Frequences) 

^jD**uu <x A a c . 3jlA U a 4 ^ySLo-j 1. ^.»3 • (^Hi\-jLjiJ >m ^5L*ai Jliu ^1) (PL!) 

.(loscilloscope) 3133**1 |^ai/lj ^ t 4 d 1 ^ A ^_j j-CL-i P 
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5 ibuSLaJl ^ jju cLbi U c j^lsb JJb«j ,_,ill ii_. I .-^U~. Ii ai>U ^) | |,^^. 
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(O » abu^l j /,, ( _,«lr>«ll 4 «_i all 



l(t ) 0 jlaC 




fl.cSjljJI 
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: dJloSLll 



AiuSLlt jiu SUL* 
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^ dt 
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q = It 



« ( Y/> v^Wj4^' >J^'J (q)*&LA\ <1^*1 Cm A45UJI • 



q(t) = C.u c (t) 
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44*51*1] ( Q) 4 j.Tt.1.)' . . il... 



u c = E - lOv 
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4 ji .A ilubliuJl AJjljLaJt l.Vfl » ^yiyx/i ^yiSLi 

: JbJl^s 4 ^jjb (du c /dt) iLuibJb (yJbbaJl 0IJ3 U c =E(l— 6 ~ t/r ) ol^> >-i! 
du. 



3 

•3 

J 



*> 

\o 



U 

OS 



dt 



= E 



f / ^ 

0-(- l -)e~' /z 



= K e - ,/r 

T 



■ A . 7% AjluSlilaJl <\J jljuaJl 



E e .„, t E(h-e^J i E 

T 



RC 



RC 



E jA / r , E 
+ 



E sf x ? E 
— - 



+ 



/?C J?C 

E E rS/T 



RC 



RC 



jic 



. jl Jixs-^ 

£■ E 



RC 



RC RC 



.bJux^jO A ;luabln.A,)l aJjLx 4 -ll 3 

T wxjLjJi j 

(O- 0 ^ 1 1 4 l ^^- 4 ^ O! 3 { ) ^>*3 3 AJ T jl JjLlj! 






Uc( V) 











: 

> 

: 




H 








j 


V 

ll 






















1 






























^UiiVi 













— 







It.i 

► 



cJaJI 

(E) AjuLi a*— i^iJl j i i.ri / 1 

t a l l ;>a 3 .(£) A»ajt3 J^iSl^j (U c ) J A^oi (AiaC-i 

E=12V : Jbu W c ( fj ^LJl 

Ojl^jJl ( «_l3 ^VJJJU /2 

T ^yJuo \Ji jluLjJ' 

^lr-ilfl~i Alaa.i AiusliS j^o ( T) j_uLj s 1 Aiu ^ a 

U L (4.J fl'miall ^4 ( t = 0s ) 1aLu» 

^ yjLi > * 1 ,r, 11 i ^1^334 3A la^~> • — E 

■ T—34S s . >t« i 3 .( t—T) aU»->Ui ^juajuj j^^sjiaJl ^wla-a-!' (4-u/j-i 
(0,63E) iu+, jai\ ^ ^jj . ( u c =0,63E) A njflll A ~a$\ it A 1 i.-^l a 1 1 ( 7") : 2 AAj^jO -I 

■ J^a ^ aJi jJSLUb jxb U ^d .I 4J Aiiai $*Ji ALoUdi jL^iia o -0 ^* J 33^ ^ju j2u jJSLIu 

. r=34s * £\ 

(t I/ 2 ) * 

(E/ 2-6V) Aa a 2»11 ^ i ajlIj j» ^ju |Jl) .( li c ~ E/ 2 = 6V) Aoju (^jai ay $A ( 1 1 / 2 ) >.~i-)ll)l 

. , .J^ja ^-oJ' v JSUJl As^ub^j Loi=» . I4) AiLdl^Jl AlualiJl ^jl*J 'U~*^ J yx-A ^Lc IflUifl... 

• ti/2~24s 



Ur(V) 



lj^ 



(C — 140,0[iF) i^.***« Aj ^ j-c aajlSL* 

.(jR) AJLo^liw ^3lj 

Aj^i j^jLj ^ 4SJ| jLuil hii^4 A Jill ^1 i-^ .t. > jd i 

lA ^-ljulj Alr>~»l -{E) AjljLi^SJI 

iJSLiUl) (/C) ialoliJl i 31 »j .( t—OS ) ljbu» 

O* 1 ( W c) J. i > i »~ i .i fjjLij (J^aJl 
,jlc i 3 >( t) Aj^JLl iuuSLaJl 

.^Ull 

A^b jj*aJI ^yjX. .jUl U^Uajt / 1 

■ JJjaU ( E ) A-uLi^g^Jl 
■(■R)j (tl/2)j (T) I 'm il /2 

■ Cp! ? A fl’A ■> ll | jJUI |AOJ AJL>-^4 |«SLi /3 

: /4 

* Cj(t ) Aj^JLi AJoui /l 

• lajlaj aLla^ 1 ( t ) jljj 5 JuL / wj 



*C(V) 

E 




jjjua /i /6 



f(s) Or 5 t 
u c (v) 0 0,63E 0,99E 



oo 

£ 



( t—OS) a Ut. 11 1 ^ jA _ l fl~t . u j.4J> J_,_, --■ / v 

ll L (t) aJjIxa 3lfl ~nM b^Uj [° _■"*.•■ -i'i Jj»a j j '.« . 

(t=0s) A 4 _ ifl l b ( t ) A .... ‘.U ■ 



^ 'iu c ^ 

V dt J t=o 



£ ^Laj ( t — OS) AlasJJl ^ji 

u c = E(l- e {h ) :o'Uj 3 



du 



dt 



C _ 



= £ 



r 



1 - t/z ^ + E , 



/r . 



O-i! 



^w c \ +£ _ 0/r +£^ E ... /f _ ni . x . . 

|= £? = e = •/ : JtB-LS (t— 1/5) ,_>A>53LJ 

i> dt ),-o T 1 1 





f du c ^ 




E 


JjaII = 




— 






l dt j 


t-0 


RC 



\ o)^ T—RC ^3 



t,/2=T.ln2 o'l oLu! /z 

.(U c = E/2) 03 ^j (f// 2 ) O-*/- 11, a Ut .1 (jj o* f»^»A 

ii» WfW aJjIxa ui ( U c ) (>93^ 



u c (t)=E(l-e" / ’ ) 

--Efl-e'V ) 

2 

l-e-’i" =- 

2 

f ,;/r = — ; In e~' ! : /r = In — 
2 2 



-j = lnl — In 2 ; t l/2 =rln2 



. (JSLULj 4l*i4 4 It (Ry C ) 4_bL ^SJl SjLiJl 

- R 3 ' v _ y 3 C— 10 I* * “‘ 4j 4 44 ^ 4 ) 4ua<l j J t_i 

$ ^ JjJl>- Ijlo . ( 1 ) £ub^)l ^^3 K 4xloLaJl cLul^z^ AjIJlJI / 1 

x mm 

M 0 -(W ^ E 1 



0.37%, 



TTT, 



of 



1 S 



■ 4.n.ili<Jl OjlaJl ( /_>) ja^iljl jbu dlscjl ^1 (2) jit ^JS K AjJalill £uaj /2 

. itia^_aJl <Ulu^!I Asubjj Lo^= . it «*■< »ll ( joj ll c (t) Cjl jj 3~, jg^uu j_i iUoli- itaabja 7t am"i 

.(2) /\ aiUlnll ,J^oj illaaJ 

.<> fl^gll (CJn) iUalJua^l it 1-niiill .... -»-l /I 
■ Ob 3 ^i£IVl (Jfli i'l obaal tii l _ 7 3 JJL>- /wl 
? 1 (JSLiJl JtaxaJl (2) obtjl jjj Ja jba obul jJl>- /r 

. u c — u AH (du c /dt) 9 (i) ^ iiMjJb /i/3 

. W R 3 U c ^}JJ Ai^bJl Jl> /i_> 

■ it <!*!*> all i0b» l _ r 3 U { J atjliol flill iUjLxaJl jf >l«lml /£ 

. T=i?C U c (t) — Ee ^ T ■■ 3 & itjlublflill iljljLgJl qI ^y> , l^-r>b /J 

i Jlj La tt ~ '■" ■..' . ^,1-* i all ^y> li*3Uajl /4 
. K it_a jlaa-ll it. a iH /£ . T jJl Oub /l_i . E it -a /I 

. i(t) Uba jia /v-t . i(t) j ba dJLui jjlou ^ylcaau 1 _ J jJl itijliaJt -S a lm i /i/5 

J^JI 

."(jab^*— > ,1 4j'aC~" itataSLall OJL>. ( 1 ) ^ab^Jl ^ ata^aUJl 0->l^=> La, t i f. / 1 




a a ~j ^>.4 1 J ( tja) 4-lj'jjli^i ajlni > / i 

<Ua 3 W( =U C (0)=6V i LiujJ ( t—OS) itaaljLlalfl itlb~»lll L y3j i CJ = U c C ^1 |«Jbu 



q 0 =u c (0).C , C = JO F 



q 0 =6.10 c 



^yjbj^SJl "~-l l cbai Ob a^lSJb'l (ttaD^> bbaal /u 

jilll , ^1) (Ob^^lSjyi ^j-a | _jiaalj9 <ta jjl) wajbijl ^jb^SJl ^yj f), 1 1 ' Jjlj j^*l^ 111! 111 



34 



140.10 




R = 



C 



(R) it^jbuJl 

! T=RC 0 I (fliau 






-6 



*2,43.10' Q. ; Rx2,4.10 5 Q. 



til ( t=5r) Luj tijii...,. 0^3 .( regime transitoire) jiiia^i j»Ui»jJi ^ ibbsLaJi ^ 3 
i ^ 33 L 13 .a ilCIl I ^ ", -<-» ... ^yt ( 9996) , ~ i ib JLfl 4 a « ^ 4 l l 4 iam (J 3 Sa iOL^Jl a-JL^b t_^S 3 •( t = 5'X.34—l 70s ) 

_ 99' 



(regime permanent) («bijji j»ibbji ixu 9 (i=0A) j^a lii^^s^ji jba foba jdJi i^a jbt 3 

i Qud^a \ 

culisloAJ (^y) 4jo«uiJi SjLxc /I /4 



^ = EC(1- e~ UT ) , qj! u c = E(l- e ,/T ) . o' Ua 3 q=u c C , oifUau 



( /) jUill OJLku 5 >;LlC /gj 

^JLJI^id 4Julju^ »(/) jLu jLu OjljJl (£jul j 44 lSL 4 .ll cLul 

i=dq/dt t 4juujJi i i 4_ofc*iJi ^ j)~ 4 *<!■.> 

: 1 A (ty) 4JokilJl O^LiX. ^LoLLluL) |> ^4J 



= £C 



1 



0-(- T )e 



-i/t 






dq EC , /r 

/=——_— e : 4ab3 

a/ 1 



= oj! t=RC jsi 




1 = e 



/?C 



. E _,/ t 
/ = — e 
R 



t(s) 0 



i( t) Jabaa 

t i(t) (4aj |_y ^v.i t _, fla S b 

5r 



«(S) lW A 0,37^ 0,0067=E 



1 1/ n a lljJb -Uaalb. 'u tbu Q 'vt-% A.U /S n n°f\ nlTl 




( Ee~' /r ) + RC 



Ee-' /T - Ee~ ,/r =0 

0=0 ; O-i! 

a~ill aJjLsujJJ 3A ^U»«*lt jjatllfl JUJL) j . Aflfl-x a aJjImJI 



E=U C (0)-6,0V ■■ Cp! E lS^L uij t—OS iOaaJJl ^3 U c AajlS o' ,AJbLi 



1 










\ 










V 










V... 




















\ s 










\ 











T =0,47 



Ks) 



T j-o jjl .IajIj Aa-tS /._ 1 

l g~i_i 3 iju*Ji JL^ U c (t) 

^jSLtlJl A>; tS~> l A^T~") t T Alrv^lll j ^4 

T= 0 , 47 s i ^-4-JLflJl \j 2 uy 

I\ A^liuJl Aa_l3 /£ 

R=t/C : o->! T=i?C o' 



ojoV> <yo) W> 



JSiJlj 3A U£=> jjlc. ^3 ^ajLi Aj eSJLJi) 

D o' O^ o 3 ^ *^W- o! . 

<UjajL*Jl aa ^ fl 4 ^») l ^3 AJ>aJ| Jly.-.t. 

s yLS .(A) AO-lx«JI Aj.jniaji jj (£) 

l^u=^ tCiUjjjSWi jac. L> oii I>? 

J^J <Uilill U-Ou .(^b) AjM^.jjCIi 

‘(<Ja) ^ a \ \3 jlijjiSJi/i ja£ ajLij 

•(^a = ~C\b) ^»=*J J£= ,_^a 0 s3 

dl^jl j^SLj .<uk-3 dlp«ul i j“^- »l«j ab*jl v _ t jL>^SJi jLljJL] /t 

dI^jI d^hl^jUs i l l jLu Ui . 1 JS^Jl AjJ) jLl^Ji (/) jLljJi dl^kjLi ^3*xuJl jLu 

• ( / 2 ) jLxil' dbttjl AftbulB AjJL^ 3 • jLu 

( du c /dt))(i ) o*> ai^uju /i /3 



/) // 7 

R = — —— = 4 , 7 . 1 0 3 Q ; R = 4 , 7 . 10 3 Q = 4,7 kO 

10~ 4 

i(t) jjjJuJl jUi aJuti y OL*j ^jLaju ( _ y jJl AAVlxll Jb*-A /I 



du 

: (J l£. ^uaskj ^jOJIj 






Rf? 



ii(mA) 



0 . 48 - 





dt RC 



^ e l/r 9 i-CduJdt oLuit 



oj! • (\ — u t C o' Iaj 1 — dcj / dt o' («JLaj 

A I I 8 Uh 3 U c ^yXi AiVlaJl /wJ 

a > . ^* 3 j l^ i=> .^_c>- 3 a!' 1 _pi3aUl o^ (/) O" - ^5' LSJ3J AijiSUJl J-*?- J 

Udb = Uda + UaB : ‘J5L2JI 

‘(•6)3 (-D) o - 1 ' * ^ 1 ' 1 o* 1 JL '> 4 ^ u DB =Ov 3 Uoa= ti c = Ri 3 Uab = u c o^J 

0 = u R + u c ; u c = — u DA =s 



( //, )J AjJuoliiaJl AJ jLa.4.1' 

t/f — jR/ : — Hr : UuLui ljJL>^ 




: IajLu Li Jl >»3 L^xji Lui I 4 *— -> 



./(5; 



_ _ E _ 



i(t) o'thJ' /'t 1 

: LLijJ t= 0 s AlasJJl ^Ja 
-6 



+i 



/? ^,7./0 

i ~ - 1 , 28.10 3 A ~ - 1,3 mA 
, LuJlI t=T=0,47s aiisJLJi ^3 



A 1 aIi 4_JuAbliLJl AJjLvgJ' ^yJb 0 

O l c -y ^ ^j ? *■ ^ . * ^~~> • ijl v j xj >A <1^>UlUi 4JjLx4-U M>- — Ec 1 T 05^ jy> 

. 0 — 0 : i^Lc J^aSfcU AjjLx^Jl IJL£j ^XJ 

! ^y4^JL) 4,^u.iJb U L - ^ ^2Li k 4jlJuJl 



(R,C) 3 jliiU 4-aLi oiJ 1 -" &ufflrJI] 





< ajJUJi Jlc. puu\j} y 2 ■ •^' , 

2 vl diV : cLiJ ^iUUl AjUiiLijJaJl 
1 ms/div : ^yLjjfl jwjl 

.(^^laJl JSLiUl) AjOjLuJI <> y 3 ^) 5 Lui 

? ^Jl &*AA (^iJl DjAUaJi ^A La /I 



( _,i^ I a l l JjSi , 4 iuSUJl t _ T Ja jia J^> U c (t) ^jjlj Jjj-L ll j I .fcil) <Ujlr>ill OjLulJI Ur i /*_) 

9 OjLul)I D JlA i La^j JALLaJI 



cjaJi 

( R,C ) i> j'ju r l _ r )ua^jt ojLJi __iLj->- /i / 1/1 

C= 1 0~ 5 F , o-i! C= i 0 |UF= i 0 . 1 0 ft F s R=lkn=ltfn f t=RC 0 i ^ 



t=10* 3 .10~ 5 =10~ 2 s 



>T« I ^ JjLl 



t — T 4U-> Hi .tic cuUSLoJl ^j_i l/, ^b ^ySJi jj jlli wjl..i~>- /wj 

u L = E(l- e' ,/T ) i o' (*i*j 
u c =E(l- e~ T/T ) = E(l- e~‘) .Lujj £=t iu^^i 4t**ui ,>* 

u, = E(l-t) = W-jjjg) => u c =0,63E .j 



u c = 0,63xl2=7,56v . o^l E=12v o> u. 3 



T jJl ^3 A fl A 4 I) Cj C\_OtaiJ' wjl. t >• 



q=7,56. 10 5 ~7,6. 10~ 5 c -.au } q-u L C o'^ 



T KlajtU' v _y3 / jLxaJ' i>JLui -ibtj 1 /T 

: , i~S. 1 '3 Ri-E-U c s Aju«3 E = UR~\~li c —Ri~\~U c : ijl £_*_>■ ^JjU 



F - u r 

,m ~TT 



I = 



\ 

12-7,56 



10 3 



i = 4,4.10~ 3 A 



J o«j ^jiaj^Lllb 



5r jj* <\ u~»n i ^^3 q 3 u, «~ji n i •> ■ /\ 

U C =E( 1- e r r ) ■■ > > 1 ^ 1 . 1 JI^Jl ^y£. w-jl ^ 4 t. i 1 » 1 I 4iuj±ai\ ^)I 1<1 i. i 

u c =E(l- e~ ST/T ) oj! t= 5 T jsj 



u c = E(l- e- 5 ) = E(l-~) = E(l- - 

e 5 ( 2 , 718 ) 



1 



T ) = 0,99E 



/2 



oooV > 



F _/ —6 

1 = <? = 

R 4,7.10 



1 



1 = 



-6 



* >x Tji 8 = -°' 47mA 

. LuaJ ?=is 



1 +i 



1 0,15 mA 



4, 7. W ' ( 2,718)° A7 

1 (jijal - jl jtoUl ^uulji |yoM a^filuui i 6 jji |xmJ) 



.C=10^F,R=l,0kfl t E=12V .oWUk^l jslul aiwi (i?,C) ijuji^si] /l/I 

.SjljJl 3 T ^yJLo^Jt CajUJI . ^ ■ .. -^1 /t 

g' l i' l m l 2 UliSL»Jl uriSjia jjj W t t = T aU->lll jLic ■ ....-o 





M 




• An.iSLqJl 4_ottL 




i 


rzc 


. t—T 4iasJUl ^ (1) jbaJ' ftJLii Jl>. 


E ( 


5 




. t=5Tj^n\A^-Ak\<:^\q 3 u t . . .,..^i /i /2 

5 ^ 1 2 . 1 . 1 *— > o' 5r 3 T ^jbuajjl /k «4 




,J “ 4 


^ tLa-cj 4X.^u jU ^UlISLaJI ^Ju ta ^A . 



\l 



■r, 



rtlaULj aIoaJ ^< 111*1 V 'AC.JJ1U AiaSL«JI £jjjuj J — ■■■ «ijUr j| /II 

4 IU j *(Fj C) b jUjI 4 _yS jLaJl (/) ) 1 jbj dJUiu jjji j 1 1 4 ^ I j W t - 

.( F) 14 j3j (ciLlJ (JSLii ,_ylc 3 I) (ru) SjLi! tj ( GBF) fl^ i fl | jJ ^4 l 

(^) laj^j 4 uxiLui CJy JuL 4jU^aJl Ojlui^l JLAlaxj ^^SL) /I 

s -T a T^ y (^xul y (Id YYIQ.SS6 7 X 7 ) dJuSJL) AJeaj^Jua (Ai) >>*Vl 43 ^io Lai ijl^jiAVl 

.(2 (JSlmJI) yl\ ^yC. ifiO^^JLd 
I AjJLJI 1 ^juoJ| ^yLc jl^lA^I P~uj\j IftjUA) JL3U 

2 v/div , 2U-JI 
1 ms/div , jAjH («lU 

.(jLibJl s 3 ^uuJl) AJoBj-aJI <Ulu^J| ljt 3 Quay* ^A 1 4^~~> Ojlui^t 

Aalcaju ^JJl ^*Jl jjyxU ^ j<j ^#3 7 J 3 bll >.i<»->-l /I 

. GBF 

. jJ 3 -«Jl 4 jlrllj ^ jJl E JJ 3 jjl 4.^3 JJl>. /wl 

.jtjlljJi jjic. (3^3 T/2<t< r l 3 0<t<T/2 ^jJb«.^Ji ^ys Mbm 4 < i ^ jjl>- 

? 4 _ i l a il l <Uij 5L*JJ ljL« /J 

(A) laj jj JJJ j ^ .4iiSL*Jl ,_y3 ^jui U c Ajjj / l/III 

^u» 3 ^ 3 * U^-> 4 l t ~ i *v . l b 1 o 3 j 344 ( A7) Ul 

.2 JSi^Jb 



© 






^ «U 



(R,C) ^-<abi. JjjLaj 




7 fcKJriJ’ 






Jail 

U 23 Hi /I /I 

JiUJi <_ya ylo >0^' M ; 

■ ^jOaSLoJl ^yju W t - ^Lj^SJI jJ 3 IJ' 3 A : Mi 

W 2 3 W / (^0 (JSJ 4j j\tk ill DjLlxJ' /o 

: d jl jjl jj -4 lc jj>- JjLoJ 4 J 34uJl tUuSL^J' 4)l>- 



: Jb i^^—~> 4_i JrvflJl £-4 

.( 3 jl>-V1^3 ) jLjJLJ' sLptji ^juS.l. ll c jlfi}\ 4jj >- 34 j 
.{^xh.3* i.^Ji ,j 3 <o5Ji J) v j-o jUlllSa) jLbJ' al^jl j < ^c . Ur 4x >-34 j 

: E = Ur+U c > o^jli 

. = • = /? . 

dt R 



U c j ^lr>~<) ^jiL<SIa 111 <0 jbcoJt >i. 7 *Jua 3 JL 1 



u c = 12 ( 0 , 99 ) 



u c = 1 l, 88 v w 12 v 



■ o j! 



q~u c C~ 12 . 10 ~ 5 =l, 2 . 10 4 c 



■ l i j « il fl CJ di 1 . . . ~. u_j 



. 5 t— 5 . 10 s 3 T—RC — 10 •. o' o^*j 5 t 3 t ^14 jji 

u c = 99 %E & u c = 0 , 99 E Lujj f=5Tawj 

<ULaSL*JI ^ji ^juju ijJ >(3^ tiuo 4juL4j b j2dh LlA * 5t dlrvfrlll JulC ^"i i j 4ajlSL*J| 

.lolastl ^ujJ ( _^S 1 J »4£jjaU 4 fl.~i.5C.4l' 4 a! 4.C 4jl1 c . 3 * 3T 30 b { Oi 

. 5r 4j. ~ i.4j b jls ^jJL~J,m~\ ^Jj 

/ T J3bj' ■. r »lji,->» /i 

5 JlC 13 Itfjlf , "iUi.>> ^ylJi 44jJaj! ^3 .^j-4 jJJ ^ylcaaO' (*LJl Jg.TiuA) iil. 1 . ll 3 ^ / j 3 JlJI 

. 4.jjfl.^> ^ 1 4jjjLllO*J| Lu^ji ^_yjJl 3 ( 1 ms/ (Hv) jjl 



T= 6 xlms= 6 ms= 6.10 3 s * cp!3 * 6^/v L$i 6 «i Ji4^ / 

•. 4i^UJi 4 jAujfcjja /* ^ji 3 IJ 1 L 4 I 



7 = / = /Q J 

~ T~ 6 . 10~ 3 ~ 6 



= 166,7 ; 



f = 166,7 Hz 



E ^p3jJ' j . Ij, >-»j /— J 

■ "il-fc ij t~i 3 — J ^ ^ ^J^ci ^ji J (]!>■"' 4ayi 5 . jj^jl l^j 4juU) i 4 ji ^ Iric i E w 'i ^JLxj 



E= 3 x. 2 = 6 v -. ( 2 v/div) ^s\ 2 v 4 — 1 l j^ v jU(< i iii i i. . i m* >-3 



/l/I 



UfjyVf 4^x3 ..lL j ..'l«"l /J 

u B m = E = 6 v . Lujj 0<K r/2 jb^Ji js * 

wbm = ■ Lijjj r/2 < ct < z. r ,ji4 jji ,_ys * 

jjS2~ij 40*1*1 all ^jjju v *>. Vo«j Jb^oJl ,4iiAi>ll ^jitiii .- 1 . '~»J J 3 Jl^oJt ^ 7-3 /J 

•v^ 4 _l 1 o jJl vli^bboJl ^y3 4 1 ' q iI I 

jSLj ^yS ^Li bh^nifl.i j .4 a A all 4 a _ L 1 y] ' ly y> - jjj ^yJ' ® / 1 / 1 1 

(jjlUl (JbfcoJl ^yS Ui .E J! Ov W( AajlS jUjj j«j ,(R,C) SjljJl |_y3 ^j -^ i i i l l jUj UBM E 

.0v (J! E ^y> li c Kax 9 L yaii la .Sa*!^ all jjij JjJm JUIU^ UbM ~ OV 

l/ t - J 3^**~‘' /2 

•. 4^« 3 £=6v 3 t=RC =10 2 s £* u c = E(l- e~ l/r ) 



.w^iMw^iujUba) u c = 6 ( 1 - e-' 001 ) 



u c = 6 e ,00t ■■ j^ya j 





I ^)jill'<T«a Loj'i 1m I 2 J 

. 4 fl li L - -Lf'Jp jua J : J3^1 c 

.iUloSLoJl jj ^11)1^3 U c l ^Lu j-L*J : C 

.-x.uLlaJ' D ^3«Ju8 (> J5Ll k»5^j! /• 1 

• U R (t) kill jxii ! 1 0 i r »- i .aJl J 

• U c (t) kill Jjjl j Jbaa S 2 0 m VaJl J 



jj-lliuJl !<loi ^li i'li ill /£ 

IbA^ 2 cj\ 1 ^ojLiafcxaJl JL»-I T j^jJl i . ~ i >_ia«j \lMjij^—l/T jjl ,<ilii jjlyU> -J 

. 0,5ms/ div 1 _ r i!i jJl aJx.Uu AjU'i.ii^b 

T=4,5.10~ 3 s ,<uu> s T=4,5ms , ji T=0,5x9 . Lbjj 




222 Hz 

4,5.10~ 3 



f = 222 Hz 



■■ . Il7« t ^ 

1 - O yi! _j 



( E ) ^jl JL^j 2 ^ / a t-ilb 4-il i i . uii'b j i 2V / d'XV ^j&3 Ijal.t.ll 4 . ..1 . . . -» ll JU -il .il I 

E—4v i E=2x2=4v ■. ~ \ kiu jj .4a»jjjQ 2 _> 4iia » u c J 4a_i^ 



i max jb.~i . Ll 4 • ■' 1 r ~i’l ajjjl u 

. U R (t) (Jjuoj lSJJI 1 Jutltil 4.44.9 |°b>ri Iflijii 

U R (t)=Ee~" T : buaj 

u r (0)=E , o-i! u R (0)=Ee ~ 0/T , bjjj(f=0s) awji^ jLi 



i(0) = I = — = —E- ■■ *^>3 i=u R /R . 0 j! m*=Rj . o*J 

' 7 ™«* R 4()Q J ^ 



Imax — 0,0 1 A :0i! 



7* -4 



1 diu jJo J 

.( T) ■ 1 7 * i ( t~0S) AjulJCui'l 4ibabJ' j 1 j\ 2 ill 1 _ > *L44 ,-q^^-j 

. T=0,6div i Ju>j 2 Jik ill Jlatimb 
t= 0, 5x0, 6-0, 3ms . >,.-«* .pi! 0,5ms/ div ju-ib AjUiu,vb 5 

T=0,3ms 

2 4joj_>la J 

: ^j^SLj U ^$1 £ 63 % 4 4 J a i l U f I* i A J ^ ^ j^ljl ^ y 4 jJl ( T) ^)1 |4l * 1 

u c = 0,63E = 0,63x4 ; u c = 2,52v 



T — 0,3mS : Jj' 1 ■ >> ’< 1^ 2 *,!' JjC 44jflll a _L4> 



17 n/i dxi 

E = RC — -+ U c ; 
dt 



E _ du c 



+ “<■ 



RC dt RC 



.t=RC £4 1 u c = E(l- e - t/T J 



: 4jjbuJl DJUJb 



u 2 = E(l- e ,/T ) !0 j! w t -»b^b w 2 o'i^>-^ 



or’ 

u r ^RC—~ ■ 3 <PU r ui 
= —p_~ ,/t = -^—e~ ,/T • Wf9jUc.3ULLibj.yL. 

/?C 



= — e 

r 



w * = 



/?C 

/?C 






— / / T 



u R = Ee~ ,/T 



u i = -u R = - £e ' /T 



: ..L a > L '9 Wr SjLaC 

i i ..il^j bJJbJ U R ob«jt ijaSc U i ab«jl jjSU 

* d ti~.<r A l l A^jJu 4 jb>- 

.(0 V) f 3 -l»4 JJ 54 J 1 -i 

Jbbul < _^C. iaja'n juii Lil .jl._i.ill abul jA» tj3 .LUuSLui) jyjbj JjJbu iUbJl abA ^ 
xiaj Abvj^jl a jut ,(aji>-Vl <Ub>-) ( / /. ) abkjl L ytSic. (i) abut jl lif I _ JT b“ -I^abjl 

1 4 jl-alflill 4 JJU 4 JI Jx- 1 '■■'*• c y* il aajtmll 4 _ 1 l 11 alfli.il 4 JJU 4 J 1 E—0 

u c = —E e ■. i4b>-3 




1 = u c = - Ee 



-r/T 



: oil 



u R = RC = — ^^-Ee ,/T > Wro^ j jubj 

W dt T 



w, = Mr = - £e"' /r 



s 4x43 j/yj — — /i g qJ>! T — .RC 

5 Juuj J- 4JLJ 4j3jkJL4 LulSL^ J ^ jjl /7 r 

4 4J' /I 

( 7 ) ,j-uj - * lj= - ,N1 - • -i-- * • - - *' ■ 1 



Mr=Ri : i(t) jbbJi aJLb 



iULLOtOJl J.ZX, ^pj ^ > XA.V 

I JO 34 U ( T ) uil j Jjj JM>- |j _ ifll i-i% a _y». (Jk. liyi4«J : 1 4 l l 

^aVSf 4 a _ i ^ ,_y4 R ^yfl^jfl JiUJl > _^S / luaji^ Ur jjyiJl l _ya.9Uj jJJy 1 c >^ 

n -j . -ii it 






C aa-Js ^jLu £a T j£=> R o y>£=> UISjs T— .RG ajljtxllj ( T) jJi ojliJl (*l»j J _ i l* .ji 

. T/>T2 <= Ri>R 20^^3 T2—R2C 3 T,=R,C ■. oj!i(iiuSli a*mi) 
.( t—Os) ai^aaUi ^ 23 1 < •* * i ' ^ 1 ^ 

. R2 ,jai 3J 2 L ya»jii3 R i (3^'3J 1 t _y'* o' £" * > ' *.“-» • Tj >T2 o' 02-“''^' o - ® 

. C2 AjluJI (Jial 2 u’i-* ill . C ; *1 tm ll 1 0 V* ill / 2 

.“U ^Jlj...ll . "il i*i j .. a 1 

U G (t) 3 U c (t) jr- i ' •■ -* il l jjj 2 - 1 - '* ' 1 ' 1 /' /3 

.AiiSll £3 juOuo 3®>3 >Aai Sl i ij 32 la OW 2 ^ 3 ^’ u c(t) o' 

0 S> 2 ^ 3 ^’ 34 s WgCO '-*' ^ 2 ^o»iUj JA»-» 34 a a_*U. sUj 3 

J) 1 .joOdlj J1 a» O j! 33a / (>*j J3J J^S Ov 3 E J^ l a / flli Oj-L J0J1 1.1)311 



4jl 1SL1I j.’x^u AjCIj jica /u 

y r Iaj T/2 * jollo y) ji i 1 4j j J 

- i 3 A L_al^=> ^ E 4.*jl2J> I^juS jia U c .UUj 4fli £l l 

. T J! T/2 ,>« cSl J3JJ| 

0^3 1^3 ^ >flj 3 iUiSlI luaji I 0 J 3 ,A)nuijju» a) /? 2"®'3‘^' : 2 Aj 2 ? * j J 

^ - w7.i l a_.1«a tljjl E |_Jj W( A Ji«-t~i3 1 1 Aj il l 0^2 O'® d®' Aii! .^-3l^=> 

Aal^ll £jjjuj J -»2 o' jyt^=>fi 2 j , 3 i "® 2 y*AO 23‘^' 1 ! 3 AJ 2 ^a' 1 >3 a 

(Jj . £ J! W( AajlS JiOJ Mis i^ai£= («jj 'i ^JjJuJl3 A. jUc . ji A>-jO] jyxua 

T T «... ■ H . *■_■-- ' jyj u^3 v3j 30]I ,^2^^ 1 05^3 .^J2^ l '' Aji-fcC. '-Ajj (AJ i E Jai A-a-r-3 (_j! 

. JSLlij 4a ^,11 a a,i -5 ^ ^>ulu 

iUuLJ! wJjbtjJ' 4 liAj-Il ^LjlxjJl /4 

. C ^43 IJ^lca wxluUoj T ^y-4 Jjl ^lulUl a 

i l_Lu/Li_4 7 j 3 ^' 05^ 4 ,a *^ 1 ' 0 ^*" 4 -jAaC. (OJij 11 

. i,..i ia GEE -iJyOJ ^ 

(dub^ dMbg) 9 (jjijajll 



•fO 

lii-J y 



lit) 



f 1 \ ' j .al l jljuni 2 . .^i ~> - ' . A j fl_i iir> ill Sf) A .^l> j 

*^1 a '!...< iJ^s»A . ilr>a S^3^^ EM Aolf. 

1“)? (*^)l»-La AjJjJI Ji-U wAaiJl tjjLiJ AsuuJsa 

^2. ■ .Uval i ^jLu 4 jIswLu>1 4jlu\j J 1^a 4 > X^J> 4j yj 



l|'tflK=«- JjU ^ (£,0) AO^oi JJ2 ^ s^W 24 ^=» 2 ^ 3 ^ J 34 ?* 1 ' 

. EAA wA^jflJl <J yj LuJ »—ULjJ| 0 V -jLi. > • ( ^) 



S 3 Sr - 5 5 




(C) 



4jLui - 



\ ^ 3^-1 



C=t/R cp! t=TC 0 i ^ 



( jijoi ) s cH> 0 j|| 



1_L4>3 > 2 ^ 2 -^^' a 1 "'j aU\...1j 2 | J...1...~)I t ( /^j C) OjlA ... A j 1 « r | A 7. . *. ^j| *, A " ! J 

.C= 2200 [aF-^ . v 'if (C) kiiUj^a R 2 = 40 f} 3 Ri = l 50 C 2 

k _jlA . aJ a m iLdl £ a a. fi jLu ^JSO Jajl 



Mv) 




«,<n 










/faT" ' 




5.5 

5.0 












/ >^ti) 


1 *V2* 


4.5 

4.0 






(1) 






\ / C • 2300 hJ» 

/ / V1J0Q 

/ / \-40n 




5.5 
5^) 

2.5 
2.0 








R ■ 150 U 

<^« 2200 nP 
1000 i*F 




/ / 




1.5 












/ 




1.0 












/ 


»<•) 


0.5 










. "*!. 


.0 0.2 0.4 0!* 0,11 1.0 U 1.4 1,6 


~ 15 2o 


"•°0 


.0 0I2 


0,4 


o!o o> 1.0 


14 »-< ».4 


I.i 2,6 



Ag.flll I _ 3 ic. .(Cy) A il ‘'All ill... 2-.- 1 '*'.' f* 3 " ' 3 £) — 150 E 1 A A. all JLlC T .-< 1*11 /2 

.2 AiAi^ji ^ j.^T.a C 2 = 1000 iiF aa.oji (»a Ci= 2200 [^F 
. jjlc. . a) a 1. ..I ill C a « .a jljj ,_JSL» jaji 
R i\ 2 Li! j^A ^ 2W , '*.' l i l (*3 AJ -^a‘A 1I ^j2-AA3 C) 3 *^ Ajlaf ^jlc CjHF jJjAl! J 2^1 31)1 ^ilj Auljj) /3 

.^Jjjui\j ^jTAIilll ^_). TA i A 2 ' 2 -iA^I jA-uiIj ^jljC ^ 2 -A J JL&Ii 1 aI 3 k^Cuulj C . 3 

i AjJljJl i ~il_i in ill l _ 3 lc iax 1 

• Uc,(t) c^sOil t>« U c (t) ^ y - n Oll Aj 2 »j J^= ^ 2 ^® /' 

. Aa'All £jjjuj y Aij2^ 3 Aj 2 A«-i J — ■ j iJuo Art 



L-fe 



u.(v) 



■a T~^ 







9 4xuljJL)l Di. 1 A jjy4 4t^‘>l'i> tmll ^LjIjuJI ( a ^A 1-4/4 

d^JI 

A-LuiLill 1 CO 3 ULA -1 i_l^> ijiaj! / 1 

1 | _, | -* il b (3®2A ■• £) 
•2 t3®>® s £2 



—iliijl (jjUj f JUOStj /i 

i 4 JjjUaj ^AJlj . BM. • -U->7iU jjiLu <Lib«.j ml i^jJl UbmI^) o* 

.4 fl iK a 34 /) A / ilVM l l ~i 'i ^jl ?.~i ii.ii < ^ . jjyiuJla ^jThi ll tbjl <1 a - ^ a 4 «!■»." "■' 

, 4 jui«l! jy 4 ll (A 34 0 OjUU ^yiijjastJl j^yll J 

Ubm(0 rtal'iTtll />_j 

0 ms<t< 300 ms .j3jfu>Jij 

cLbl AibSlil (J^la b£J U c 3! WflM (jjbygSJl J3^ (_)l 4 J 

500 ms<t< 1 000 ms •. ^uji t >ii j 

.l 4 »jjju (Lut iiiSlll jjJo M c - ^jjb^SLlI j. j^iJl jjlaj (Jjaj 

(*3 LjOiastlJl (jOlA jjjjjl .Aj (Q 'i^ 'i "S 500mS 3 300mS (j^j(_y-» ill ^y» cyajl : 

■ 2 ,j 1 $1' CJS? 4 alo LaJt jJjJuu 



U/IM -1 tuLolajJl KIjIaIi /i 

. <A j'l’vlb , ilr>a)l ^jjUu Q X. j\ju 3 Uhm=U i ^Lu^Ll ^ . “ il l 
MaM = Mr~^U (l) : LuOJ Ol_p 3 jJl ^-aa- 4 -u£> 1>- . <m ■>• 

Uam—E 3 U — U c jLUlx. 

Ui(=RCdu/dt o-i! i=Cdu/dt i-CduJdt 9 u R =Ri bUb^ lojj 



E = RC du + u 

dt 



( 2 ) s .Aati'fl ( 1 ) <U jlall j j_ya 3-xj 



, du , 
11 +t ,—r = 

7 dt 



( 3 ) 1 ^_|SLuJl ^va ct^ 3 ‘<uLoliuJl 4 bUil ,^b a b 4 

T 1 3 /\ b)ObljJl 



A — E 3 Tj — RC : Jl>) (3)3 ( 2 ) Kajllealb 



2 v-.L,bUlH aJ jLxll /^j 

. u c =A(l- e~ l/Ti ) 31 u=E(l-e ' /RC ) 

ijlui! yxall T ; Ojllll iiAii /T 

U(t) j_y/W4 ^XaUlj bWfl 1 bjbu <U_tyaj (jSL* 43 . T ; = i^ C (_y4 jjl buUJl 3A T / ,j! 

. U=E= 12 V ^tt_ifl'i..ill £4 ( t— 0 ) rtlrinUl j 



T,=50ms . oA*Ji 0 ^ 



( 3AI ) > Va ' 1 ^yjbuJ C <\ t..Jl 3 A 3 OjbJl yb> 



wJ3*ub*j alu^Lt djljjl a JL* 0L1 («JLxll J-o 1 Aiuj3Jb Abull OjQjl ■ x ‘‘ c -' jj jbuui’l ■ .u~ ^ J 

i>* jJ* Wbm aaiilib*j ^ JJl ( WinL(lbo 2 ) 3* jybj^ jjoli- ^ 

.wJ3-ibJl <uibi .jlt J3^»il -y Ufl Jl ^Lb JJJ 

1 iu jabUl /I 

3 t I = 300 ms jJplcasJJl OW3 ‘1 ^ AalotiJ' iji03j (t = 0 s) ^ J '. * j|i j /l 

.2 AAUJ3J1 4 i j i~i i **— > u R w(t) i'i .•>. 'A i,;. a .~ i«~iA 2 ^£>3)1 j! i'CcAiiaUiji _|j > ."■ ^ t 2 = 500 ms 

wJaiJl (_^lb ^3J JJ> . U Bl Xi(t) ^yabdl JMi. JJ> /| 

.bLbl*.) ^ 

? 0 bubU j n"»1 l y4jJl 3& La _j 
l _ 7 lall )saci3 ( _y . 7 t. i ll tJL^J cblUitll v '-- /i_i 

A^l (_jjby_<illl 

lacl .U B M = U 3 l j^bjJb 4131^334 iC<U La- ^ /I/2 

jjl AJVjLi ll ;^lU A.jlLoULL)I £\J jLxil 

: I4J' 1 1 



u(V) 



r -Z 5cn y q - ? . , ^ -- 




K 6 MO 300 M) 500 100 700 «te 900 . 100 C 





, i/w , 
W + T, —r- A 
1 dt 



.ajljJi 0JI3J aJ^’ju l-g^ ■ _ .ib*_i jbub T 1 y A * 

.I4J M>> /s-j 

jl. 1 ifl 4, 1 J AjJJLaJI 44 jlialt '..J.iiL *>»1 j BM t llniflll ^._X, 4 . 1 ' JLuUJt 4 - 4 -j-B “ 1“ ..il 

. BM uiioAii ^LlIJ 

: (JSLuJL) 4 J^JL) ll j^\rk~A tULoliuJl 4 JjUII t>ti JLp«Il j Aji /! 

« + i d r = o 

a dt 



/3 




. 4 i a _i .3 L^-5 ajljJi 0JI3J <UVjli l / (X buUJl jJl». /wi 

2 AjjJtlll /II 

^,431 Jibu (AB) (3jLuJi (_y» 35 fi JibJi (j^i J. i i X < “ .t 

AjyStlJl blljLr*. (_yiJU (Jyj 43 I 000E2 <£3144 y>-i 

j JyJLa- (>4 Uf}\f (0 Jlhj (> 5 bU (jlt J ' <-»- » ‘ 3 1 

.3 

? 33 2 J3I4UJ331 J UliM(t) (_>sbL a JJJ (3yill bi /I 

.^OljuJl (4 (<.( 

. T ) b> 4 yU JuJbdl . ~I )lill bubj ^jLxuul /2 
■ 4 jylftjll <> 4 _lflll J -4 |_3-llb>ij 4 ji (y 4 , V^lj /3 



10 (jJjoiJJ 

( Flash ) Ll.i.a JUuljj £jiii 
A^UaJl . U-, — 3 OOF bjb_^^> aJI xiui’H . # illn'i j ^jjl ( _>a>La 3]! 

ftjjlj 4jouil^J A a*Cl l \ 'A J j-w , T. , ( l^jjuu d fl a a ... i ^]| ^ l a A 1 A i <Kil A 'Ml . jO 1 

. 1 w |SbJ' ^ ^ ■ - : a J a ^ 1 a^-~— > a {/ | = 31 Lft_p jj ( AjjlLaj) jj^AJ OlAi A A_uqjk5J| 




. J/ 2 = 3 OOF J! M, — 3F ^ (jiLi^gSDi Jaju SjljJl 

R = \kQ . C = 150^F 

9 (djljjl ^A b 3 ^ ^JaLXtaiA AoJ^y^SJ^I SjljJl ) ■ fl J — > /!/ 1 

9 Afl‘l*> <11 Ijla . 1 jj /v , A 1 : 1, l l J a la Hr />_j 

. 5 T ^TtiMl Ojb . nn-vl /£ 

AjUo Lb-tA Ajl^JiSlIVI OjCill jJA AjlaALi 2^=- . AAaJv.ll ^yjl />- Ajjlj^SJl AjslLall ‘ .... -^ I /j 

9 Ajj^yaSUyi Sjljjl LaC^J Lax 3 Afl'.Vj i» 




biJb»j Ijla . 2 jaai>^)l j K-, Aj.'l ill ^Jauu laJ-iC. /-A 

9 (jaatA^U 

r AjLa jIAa (jAji Jilj Aj c>* 0< jlbu /2 

/v 2 Jjt>. ‘bboJ £jl jyljUj 2 jSLuJl j £Lub^4 la^=> 

^LJl ill j lXS* ) J 3^-* >3 f = ^ dlrv*!)! ^ 




0)0 \> 03)Vi N 



^^2 JW^ 1 AjiaoUuJl aJjUII Jbtjl /I 

O' ty^A AjiubliuJl Ajjlall b j4 ^= > £J jjoa Ajbv j Afl ' i ^l l J jii ^y-A jjl Jb*ll 1 jA j 

'• "V» ' « ! 2 AjJaaslfljJl AjjUil j li~y 0 Jjl3«j 3I Ua\a=0v ^ 

1 du 



/ 3 



w + 



-— = 0 



u + RC~- = 0 
dt 



1/a^ bji 



^- = flC=T/ 



JUJbu /wj 



: ■^A'A Cg'>fl,ll«lll OS 1 Aa iU-.i l . 

^3 ^bj^SUl ^jjAljJl t JLi Airy-*) j ^yT« ill ^la-a |«aai^j bjlaJ T y CajUJl Aa_<^ ^ _■ «~ ^ ij 

. T l~50mS •• (Jl i >7* 1 ^ U=0Vpjq-,..A\£A A ilril fl~i A In a 1 , t2 = 500tTlS AlevsJJl 

33 2 l jUAAi 3!!^ Un\i(t) J\ J ' . p»„' ill j?-3 3>aJ' /I /II 

jjHij o 5 *" oV* * T 1 =50ms j| jbuo AiuSi«ii t j ^y-ajJ' aiuiiii 2 aa/i 3I1 j o' 

•OJaLaIj o'- , 3^a jjjJLlIl3 ^AtaUl ^uJulC. ol^ 'jj •* J±+£=> A£.jaaU fftjj (BM ■ .Uall ^Lu) A a‘,<Tll 

Ajtlc.3 T 2 =200ms 1.J 1.11 1 J3lai j O^Ajj AaLaSlil ^Jj2u3 ^s«ai ,_yjJU£ oV® 3 AaLu^l j Lai 

. lab £j jjull 03^y ^ U*— > .tab t jT«i?ill j 3SL1 H 1 jj . al^— . j j ^jUbj ^ ijnii.ll Jjl«f 



T 2 — 200ms 3 A Ju-Vj«JI ^y-a^Jl OjUJI /2 



T ) A.A.a.9 ,vs bjiib >*—.1*11 /3 



t 2 =RC=1 000x 200. 10- 6 =200.10 } ; T 2 =200ms 



. A , I ) J~*~i\\ 2i 41 /ill ^Jal ^~~» <£L4 Jl2l)I 



Hi n a 'Job aUaali. ,'u itoj 0 A.\-S. aU ffinrffinlll n^aJi 




/i/2 

/3 




3 (dia^l ^ Jl*il) OoOUU ijull JLit ^Ull 0 ! , 1 



r'= 1,6. 10 _3 s 



cp! JiiUi 3 Aiu^ji jJexii) t = r'= 0,00 1 6i’ 

.^Uil (duuj iU^xuaJ .dij jiai\ o bA JU.» 1 , M I j»a»j I ll'l l *—.•■•. 

MIKiuaiJi^iis^^u^ 0,37x300 = II W # 0,37t/ ( .^=2^> 

. r'= 1,6. 10 ' ,v . 171 n 
r uiiut> 

r = /?C = 10 3 x 1,5. 1 O' 4 . [r = 1,5.10 ^ 



T ' 3 T OJJ djjlill 

P-Uj o - j o- jjiSj jXua i iuiSli £ j jju ^ytj ji g- t . r » f o' ico-VU 

05 ^ 0JUJW3 ■‘>J*£=> Aiclialu,l Oi^j ^ia. .ilia, jji*, ^3 j JliuSli dilk. ^ 

. I jlS-i ASfcifc 

^ < 0 l>» ^ LJ (/ ) j ^lta_J ^uJuoliijJl aJjIxII jls^jJ /c-j 

: Jjl £^>- J^jli *.JUU -V 

Jt/ c +£/ r =0 

K +r i -0 
, = C 1 F^ 



? £UU0 liU . r ows AUJ Ojlij *" £0^1 ^ ^ ; ... , /( 

du r 

-Uul=»J £-» or ^ +U C - 0 dbUUa (jlaaj W c (/ ) <UUblii]| dbUil ol OJJ /o 



c /a 



.aroubJi 

•T 9 (X ojj Oj ^3 /£ 

• ^0 ^ ^ • U c (t ) = U^e " 3& da l i inl l db./ilalll JUjUil Ja. a^lj /j 

.(joU^il Jaibu jjf, £A M () lUai ol 0-« d£=>lj 



JaJI 

. K, daleUJl Jjlij JpuOb U*3 ,l*0S ^Jb ^£]| jbUl j}jA j iujjjSlW fljOJl Ji /I/ ] 

■ da is'l l O '* 1 " 1 > 1 £0»3l' ijj AT-, JULull Jjlxj UjLiC /o 

O’ - *" 1 ' 1 O- 3 /£ 

63 /o j 4 a , S1 I Q *» ..i 1 r o-ojJ' 3 [dJUj • 

90 A-i da 4 S II q t» . M 5ro-*>i*c33 * 

t c o 'xi i ' 1 o-j 3 ^ 5 r o->J^ <! ^ 4 £ -3 
/ = 5r = 5/?C 

C = 150/^ = 150.10^F = 1,5.10^F 3 /? = l/tQ = 10 3 Q , Lbjj 

/ = 5x IQ 3 x 1,5. IQ -4 , 0 j! 
t = 7,5.10 _1 s = 0,75 j 



4 -i}Ull djJb^gSDl diUaJl /J 

t/c ^ ^ 1 ~ ^ ^ ® J ^ ( • da SW 03 o- da 3 ^^' d_. M i ^gSll aa lUl l .** j l ,c ^U.»" • 




LJ £ — E O 3^* ^ — 5 7* dlrmlil ^ 0 s3 
U c = 300K <ll a 5 E = U 2 = 300F ul 



^ = 6,75y| , £, /c =^xl,5.10- 4 x(300) 2 4=03^3*1 



.dalSlI ^* 0 . JlilU jaiu Jlilbj .iaii U c =17, = 3V ^ISJ 1 uj 3 yi)^l ftjljJl Ucjj 3 J • 



1 



^ =-1,5.10 4 x(3) 2 , 1^= 6,75. IQ- 4 ; 



AoJllll jjLLdOfcJLi i_LU j . v^-» 



JLJL13 j iLallca fcjSLxi j AJlLtll LoJLuC. /-A 










R,c) oiVjJVj ojoV* tujUi 



Hard -eq uation 



Bc+,C i L - ,a > 



rC^+U c = 0 
dt c 






dU c 



CC + U c — 0 JSuJl <uJLoUiaJl aJjLxIi 

at 



a = rC 



O-lil J 

• ojj iiilUlU 



r = a 



T 9 (X CRj Aj jlill /£ 

o-M r' = rC l >«jJtojiiji^jjj^j > iujiiJL>.|^(r,C) 3jajioi(<dii 



aJjUII j <Uaj$jLi aaj . U c (t) = £/,,£ ' " <uloMfl~iH iJjUll q\ ^ ^ /j 

. Ajl jlt» 'i A .o j all 



a 



dU, 



dt 



“I" U £. — 0 AjLisliuJl iU-ilxll 



dU 



U n 



C _ w 0 -Ha .. dU c 

— ^ CP! ‘ \ AjIJlJI j 



dt a 



dt 






-t/ 0 e + U 0 e~ a =0 



f 4^ <LJuoliuJl aJjIxIi ,j i 



.0 = 0 . 



.JxalU 



JOjUIUs 



£/,, X*_l 3 jbu! 



U c (t) = U 0 e~ llT LujJ 
t/ g .(o)=t/ 0 | oj! U c (o) = U 0 e~° UjjJ / = 0 <&»Li j 



t/ 0 = 300F 



3 

•3 

J 

* 



to 



U 

cc 



( / — 0 jJljJl ^Ot arxl ) AajljLbVl 4lra-»ill Aa_l 3 ^p_»j (/q J yXLi duu»j 

U (■ = U 2 = 3 OOF (jjb ^gSJl ftlrvul 

a-i! 



J3 *1?- ,30*00 300F ^$Ui o! /-<*» 



3$^ all 
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|J yUJI |^i C Mfe ||fj 
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UujAU Jp jUt ;Li)' SJm j$!oj 




AjUiJii jil l_U& JJ ijjut - 1-1 
^jUUI JJL£. 4 julu/^J| ■ n li Hi 

( ( // L l^t nljLi ju iaJij ^ 

.j» 3 ^b ^liuj . (y ) Ail bi-ill l^Lo^Uu-jj 

4 ***ijl' >*j - 2-1 



54**11 



Hard -«quati on 




4_4^12lo jjO ^>>^1 iJla J53 



^ 4 ^JL» LlLx^-i 3 “ /V ^ r y VN “ ^-OjJb 4 jUUll$Il JjL 4 J 

. ( r ) 4 juum ^J 1 

. ( K = OCi ) 2L*JL &14 I^Lo^Ulo J1u\^=> Ij) AjJLl* lgj| AajuL^ Jliu • 1 A ' ^ 



4 a ^ i j ^ ^ia (jjj jjjjIIj #■!*- Q*J Ai!jUJl - 3-1 

{j±>U AK j( L,K ) j SJLui i J\j AiMaJl Jaaj ^ 






UaB 



r & 

U AB= rl + L J { 



t AiVaJll 



■ ( 4 _i*n«)l 3I) Ajuaaj^auJl <LuoliaJl Ig) Atj mi 3] la 



U AB = " 



di 

AJL43 — — U oV® jLiiJl <0L>- 3I ( / — Cub) (*JbJl ^UoJji aJL>- j ^ 

dt 



JJlj -' ^- 9 ^ir-|T) Al ji.iir^lla 



- 2-2 

jbj >3»i)i3 (I' induction electromagnetique)^^y^ l _yaj y^Ui JujUJi <u*Ji j Liui^j -bd 
■ ,<b ^_yjl Aalgjl -jjbajJl ^yaa-t j ^£3 jj ^yuL) ^3 . ^ / QUtO — induction ) |^y'-ll' 




(^Uljli Ajj ^ j ) 1 Ajjaj • 
: Jj la^— > lgi f->-^l l | _ , » i _ < l-> 3 ^gSJl ^»jjl <U !jA 3 

. ( JjljLuiJl SJLl/ ^ iijL ) ywd^jLoJLC. aHjJo loj A jului ^ ^ 










^ - 2-2 

-H 3 ^' Aa-/j >1 ( R. /- ) _)l_>i*VI (*— Ij ./>L»— I 9 J ^wljjJI J 

1 <ij»Z • 

. 4_xjlj ajj J jbbJi j3j^ *j '<‘-—• 1 a ij b 9 J 1 <jl jjLu] / 1 ! 

• T ^>»>1' culi /2 



1 wijfJl jjiaJ 

■ ^ ^fcijl JddJl 

a jldd j / - — 0 P I H l^i._* ill j Al jijj j ; AdJ^a Jiiilin'i)l A_J_jb ^ ' Sjd - < ‘ *-- — • j~p 



. rtjJeslaj R — 500 D ajlojUl# Jib .( r » 0/3 ) 

Ajjb^^a slll^p^j ^Ir-vt j ( (jBF ) i a jJ « A£.^42iil ^C .\* \ 

■ f = 2000Hz La y> \£j 5V ( en creneaiix joLbJ jib ^ aju^ 



i A-J jJfe-Jt tl 

^JSLULj djUJl • ‘ 2 < ~~^ j~' a J 14 '' ◄ 

. ^* 4 <l jJ JlIL* dJUbui^Jl ◄ 

.J’gJi-alb /? JibJl Jua^j < 

J jL&lbj Ub. . AT Aalalajt Jli. ' ’■<• . 1 Jl^u> • 

? ( ,b-> .1 g L I jljbAi’l |Auil^J y B j y A ^jjii.jdl 

JW J^-bll^^^j = 1 * 

U^a Jjjl) GBF Jj$ll Jjb. JXj ^1 JibJl + Aa.ib^l) OjljJI JJa 




i o j! u R — Ri (* 3 * 03 ^ ^ 



. 1 Ab^l^Jli ^ tjiy A J ^ 

“3 • R JA 3 Ji* M K ^jb j^SLJi y . ijiJi y B Ji-jdi j \£yi U^> 




L *^ 5 f 



■ I Adu^jb JUc 

• b£-jJbJl Jl ^ Lj i n 1 b l^ L_/ « a ~i ..Ij a i . 1 Aalj 9 JI AluIjJ 26“ ~' w ^' • 4 




| g il'ii * 

? ^-Uadjl AjJS i 2 Jl^o* * 

i ^Lbubl Ajl 3 bjOau ^-Ul ^A U , tM ( t ) ^Jtn ill ■ 2 _jlf>- * 
‘ MjM = 5k o' 0 < t < /, Jb^l J Maa3 < 

■ u am = 0V oyj /, < / < / , juii j ui < 

^ ^. ~ > U1 ^ a 1 I ^JlA 4 ^ 




^ ^3^' di/dto’l e = -L — IJL> JLc O^ljj aJ** j 3 j 

dt 

. Ap«Ajj > i i . m i la-o 60/ J ja~i a /> i a i \ j , vli t- I . j JjL-> 

LiA j .\is\a jjA Adjui^Jl s Jjliill jjAj^sfciJb jbLJl ^^uaLs^SJl t_LA w «■■■_< < 

.( G -i! 9^1! / jb-iJ' ^UslaLI i Vi ^.n jlnbjil JJi-UJI L^jlS jyju UjLLC. ) ( / ) jbill 

( R,L,)3j\ jJI uA^ylji -2 

- 1- 2 

Aajb<9 JmxWUI iujlid ^ j (jd^l Jib ,jd Wdj^d ( R . L ) >.,<Ufll1 ^Jtu 

. /' A L^ ’ t bj l j ( L, V ) A ii^ i^pb 








.ijLiil JujL ^y-38 \[\ fQuaj ◄ 

( i( t ) ^yOs-uaJJ v-Jjlil' IrvxJl) 1 u (_fl£2ft ^ja^ill ^1*11 jlaUaj <X^r\a i jJLatj ◄ 

. r i _yLa^Jl JLljLJI A-4-jLfli /‘ dlooliJ ◄ 

AjuLJI £Loj ^]aJ| 

<*■* A*. ^ i o-^' a*-ai > 63%) 4 a , * a l t ^3^*5^ ^ «-iuiui ^)ij ui^. ◄ 

.(AaLil^’ill <LuiljjJl 0,63 Iq $i 

‘ /« 0>^ O ->! -H*!. « 

. r A-gifl l^jtj ^yJl l^J AJajfil^il ALoLaJl jjb&j *4 



2 <j • 

<u jj,:ji > ,.a i^ii 



di 



U mi — L s ^Ijljlis o j 3 _j L id >4 jj*i)l jfj a;*.j.ll - 1 
dt 

■ L iujljjj jJJjuiiJl -2 

v u j> a* iJI J** 11 

: <>*3 lJ 111 ' 111 1 AJ1>* J5 l j 1 -3 1 1 r >J 1 djljJl 1 j l ~~ — ■ O < 1 -- . 
.(jjJJi jbuis«Ji > j 3-14)7 v ~ OCl ) /• I4I03UW5 <0^43*4 L l4i<jij ( L,r ) <L*juii3 ■< 

. R — 2 000Q ao* jUw <> <_)iu ■a 

. 7000//z 9 jap (+ 2 V ) j! 7-2F ) jl * DjljJl JLju /\A ^yVlil' w_j 3UHI jlj jJ -4 

jl^uAI ^uilj ^ 
<U cl 

• U BM 9 U AM 0^-H ^ 1 J 1 ^! + 

• jl (4 -ujIjJ 4.t.X<L^)l 3 1 '"* 9- 1 ^ 

• JSuUl l4 ^-~> V /( J^*JlLLi J^ljJl -4 

> jib 3ijH.i1 (AuoijJ ( !a masse AbSJi) M <_>s , jii laj jii j^> 3* •« 

.(J£A») 




b^ n * U a m >b JJ 34 JI JL&laij tji . < -*_ ) Aj 7? ' ilnall ,_^Lu lajj -He s A j < 

j V_-*3 ) /7 j i] ^ jjS i j II gjy l J\j i j— <19 I — — (ji / ^jjb j4SJl jbjLll 3JLfl>Lii_4 a j All jl i~if I 

R 

.( / = ?/^ A/ jj»j 7? = lf2 :0b- 

. // j* v/ i-7^xi-^ 0 JlAL 1-4 wixi B ) _b- jib Ajt.uljJl buj JLlC : B ^Jb-jdl j 'A 

u*i3jil lajjlb ^i) (jbjib jit GBF jJ^*!! B j A jjjbui^l |jl la3»-i •< 

ji ^imj .(GBF rt jlottante) A-bib Aiiii GBF jJ>4 ju.h— o aj j3«iii ^bbij 

. Jlijll All*— >3 A/ ^j^j 3jLUl jl ah2ullu\ ■— <JJL)J3 *^y^j b/l V ^ jOL<3 ^SLj ^jii >.— O^J ^udj ^fl Alr*\ >^4 

9 Lsl>»Vj I jLo . AjJ^dLlJl A_jLeuLaj*>Jl ^yjjixj [3 2 A ^Ol^JlII La-U^bl I 1 3' 9-^ * 



.^lUi.1 a*9 ^<^19 i( t ) Ul 

^.yObiJl <a*oi J«aj U AM 0 I 1 <>*011 j a 

tjl Ix^ b yJSI IjlJS . I iltb^J ( U m z= ^J/ J 
<0b3*l)l <>9 (t = Os ) Alb3«lJl ^ AjOoliJl 

( jJLua ]\ jj xL^LlLo £ / lj>) ( t — Q -{- £ ) 

■ ^ ■a lrSxJ l A2 l4-jl 3 *A i i 
DjljJl ^ jlil ( i ) jl^Jl DJLui 2 ^jfcJdl ^ V ^ 
Jj .l . i irinl ( l max = 7 W 7<>bi»Jl l4l*jJ jbo ^ 
.( tp ) <*lrv*Ul G! ( t = Os ) d bnH l >» .Aj_l 4 j 3 >9 2 1 1 

: 1 Aauij * 

. 4 ._i 1 4 A>4j 3 >9 jb-Cu |_Jj . ( R, L ) djljJl 1 jib 3*1 j 4 .... J )l >b j 4 SJl jbjJl 

l « 1 , 1 , i ( U m — 5 V ) |_,*lb.»l 1 A1*jl9 U >$jj' ^Ajj jj /, A lbull l <5 l(jl 3 «. n' i Ol lr-yv AUl M 

. ( t ’ 2 ) <Uas*Ul <3 i! <_,«lb3ll 4 ~i,4 1 9 jLij i jbjjl 
>» jiiij j| ( t ! Alb**lll j) ljlrv*l j U A m >b J^!' >$->Jl O' I >~ * il l >» Lbji Ibs-i /2 

. t j aU .--.111 j..< i ^ l_u jjj I 0913 ^ ^ A 4 j .fl l l G! A l <*,4 j ifl l ' 

o' G! ( l nun ) cr^Abxll d ~ <4 j9 >4 >>9 11 1 1 ( 1 ) >b _j4SJl jblll o' 2 >3 *. il l >4 Lbjl b*>.i A 

-i>. 1 3 ij j^sJ a j i 4 j 3 jOs ojA! * [ 1 1 ,t i J >* jJi Jb*li <]5 'j9*3 ( i ~ 0 A ) (3 . 1 1 . j 

: 2 * 

. A.lj.3 4 AjOoj 3 j*9 >bljj (Jj < ^ R,L ) 3jljjl <j 5 1 jib 3.1 ^bfl i i i >1) j 4 SUl jbjjl 

? 23 1 > 134 j I ill jul A ) . fl j*TT3 : 3 JI 3 -W 4 
4 4 IU.il M 3 ! j 1 J " 1 1 jl j 4~ '"1 4 I 3 -U .<_>4jjl j^-li!l 1-19* ...... ibULil 39* <* 4 j ..( 3 JI 4 33 - 3 O* 1 3 _l' 3 ?- * 

4 .U .4 1 . 3 1 .U .-- 1 j ^U. . >b j4S0l jbaJl <ji 1 IU---.MI f R 7^>3l 4 3 j . 1 . 3 ] 1 1 il 1 . ~i . . 1 1 3 ] . 1 <*lb 3 

. ( Ajijj-4 -jijUl!) . r il.i.x .1 ^le ^ 5 ! U A ^i ... *J-*4 UU-. aISIu 013^5 * ' j lb~* 1 

: 3 A-»uil * 

.( R,L ) Ajjb j4S0l 3 jl-Ol <5 1jlb*l >bj 4 SJl jblJl ^Haijl 3 J 34 b <_)..■ *=> Ua A 3j . i l 3 ]! 4 

^ll—Vil <^1 A-Liusu i ( R,L) SjloJl £ >b j 4 SJl jbjJl ^ 

2*i94Jlj3i^ 

Aale 3 U R = F/ 3jbxlb ^jAvij M; j>bj 4 SUl >3111 0)1 l*J 

<Y/ 7 >b-ji >4*jii p> -A113.J i M s (73>bJi>3*iib 
1 4 --—. if t J >b-Jl > 3 * ill ? ~. ij.i.i AI 43 . R -lubJb i! 

.>9jli js: .:..! ' <* 4*0334 





r >-» jjl Oulall JjAab 

J 5 il Aiu jlall 






L 




"MB=~ Xa =^ 


L>~^A sljulj 



S 0 < t < — £ • 

u — b = — 3 V u AM =at+b 

d" A M 



■. oU <ui^S 



dt 



■ = a = d-l^-jjjl jJj»bL« : O^! 



I „ 

. — <t<T ^J»jl I JU1I • 



u — o' t ~i' b' x Ajj oV® ijj .—JLoj j ^ j fl "u» 4 i-i Vi 4 i* i a 4 1/ j ^ 4J14J1 

du.x. 



* — — Cl : . I** ' 4 I.U i.llj 4jl-ljl £ JlA Q"uiIiI 11 

dt ___ 

L du AM 



*MB - ~~^ a ' ~ 

R 



o^! u rm ~ ~ x ‘ 



R dt ^ 

(il-»jjj» OjLi!) ^liii ^jlc U BM JfiSiX* 03^?3 



T di . . , . 

M«a ^3 n-^n " MB — b i^lJljUi o ^_)Lo 3 (4-uilj 4 xuLui t _ 7 lc r~i i uS )lj oi il ri^ ls La 'O &3 

dt 

L ^ ^ ^" u ■■■' 



£ _ " MB ^ 



a 



L n T 

4JO3 " B m = — " o' 0 < ' t < — J^' iS 'j J r > ‘3 

w /? 2 

u BM =100mVxl,5 = 150mV = 0,15 V 9 R = 10000 . LuaJ 

s // )A/ 4 jfllQjl 4jUjl 4 x3- 3X J-alj-a £7 Lai 



vM=n= du * M _ 4. 5-0 4,5x2 ^ 9 

^ dt T „ T T 



-0 



T = 10 3 s ii^l T = 2x0,5ms = 10 3 s . 



L =0,01666 H »16,7mH 



a = 9.10 s V.s~' .*ju> 9 a = -?-r = 9000 V.s '' , 0 X 

io- } 

, 0,15x1000 _ . 

I L — — “ — TTTi — ■ v> L 3jLiX. j 



9x10 s 







JaJ> 

J....l...l)l cr Lc f /?./. 

.(J£AJl) «^ 3 $iD 4] 34 J 33.3 £-a ( R , L ) b jl jjl jLLxj 

jLu Li. ■ ' 1 *~..A j K 4aLaLall Jauu La, V i C. 4 

.o j ^laj JLi! ■( R,L ) a jljJl i ,jjLi j4&=> 




j Ji*»ll JJ> jxis . j jiuoi /i Ji— ill j Ji ^^ ll ^>5^1 o' JLt£=si . 1 * 

• U BM <<: U A M ^5' ‘ -4 Ji-Jll 
• ^CuJ^bLIJi ~ _i li ijjjj « .>*“ . .. n i^* , . 2 ^ 

d . al~iTc 4 ^jLxjuaiLuJSkJ' Iffc fxitTi l III - v J — «i • 2 ■ _jl yy. * 

Jls%^ j qL jU , 

*( ^LuiLxi 

: 4JLUI JlCi JJ) UtfU ..^.t . 

1 f 5V / (JlV : ^_yii /I AjuiiLxO^JI • 

lOOmV / div : ^ Jk. iuJ^UJi a^yiLoJi • 

0,5ms / div *. ^3# 

a A jAl a7» i\yi 1 

: b jlc) J 4iLU^Ji ^ * ■* ~ ^ 

' 1 ^ luA.i.l_l // | ^ ^jjl o' : ^ Jl^*a * 

/ ^a Ij^po . i.j.Uij U A M o'i_y<J>J U 4M = Ri O' ! 3 — jI * 

Lu^ij J^iUaj U A m( 1 ) O'* 1 o' O 4 ■ i^~>iLu . B./—X 1 4 Jl^ii * 

? sji-iJi GBF aJ^ii rta ii->.i ^JJi ti AH ^,Wx[\ 

Aul>- <Luol>- ■ ".ii-j .iUjLi ^gSJl OjtjJl J! 1 4 I_jl^» • 

= W .^/ + U MB ■■ 

Lb^3U£= u bm <<u am o"^» "mb - U BM O^ 





U AB * ll AM 



I v.l'A'l 4 o_ 4 ^ I ^A/fi I << "am 0<i! 1 £<j3 

. GBF JJ^aII " AB F 3^“' OLaj iailla II ^j^jJl JSLui ojSLi o' ' 4_ilc, cLijJ 

.^ j i l 1 a iii 34 "am O'tH o' ijj'l lU-u/'j aUiiUn L7 1^ laxOi llj o l il~i> -L' La IOJI3 

SjlxuJ xJSujj t _ J lX- II B y ( t ) ^jjlaaJl u' 1 1 * i l l o' ) ^1^ i^'l jl^LiA^fl 1 -a_tulj 4 xuLui ^y» 1 5 Jl^xu * 

di 



• OlxxJl tOLdb 



II 



mb — L ~r iJ'JijLs o^ o' O- 4 ■ 1 ‘ l i - l > - -^ j - 4 
dt 



: _ U AM , . ,. 

1 ~ —j£~ O^ " a m 



— Ri o' L*j ’■ 5 >- r i'3?“ * 



d u 



it Km = L — ( ~^f-) libijli o^ 1 ® Jo 4 ?" 

dt R 

Jb«jJ d / dt JiAll jL ijx> o'^ 4 V' 4 oijjj tCxjlj jli Ifla R O^ 



L du 



"mb = — x- 

*® R 



AM 



dt 



l^UjLta 4 jU£= xjSL+j 4jliS nJjLall JSLUl <UfcOs3J iai=a SuAJti iOlJ U A M O' '-* 4 3 









(R,L) 36 ^. jJl ogJj glWriTl 



<b»U 



jm^\ -4 tU^lfill ^ 1 c ,\\c ( R , L ) ajljjl ^ blrb"»l jglrbj V jLljJ' j! • 

• djljjf b> jbjjl jLlaJI s. 

E 

yAj j»^b / = I max — l _y*iaaJl A ~ i« j . < j jbjJl jfl ' i m.i ,jS3 Aji 7>l*j .b _^iaj • 



.1 _ < l « f . j\ ~ i ■» i JLllb^ . I n 



R + r 

J alb-lll A \»t4 yA 99% J! jLjuJI t = 5x Alb-nUl J} • 
. AjauaJJl d jl& j ( jfl ' l,.. ! !) fAjljJl ^Ji ra I ( R ,E ) SjlbJl 



t(s) 0 x 
i(A) 0 0,631 ' 




/ = f(t)ai+fl + 

5r oo 

I = f ( t ) O (A-mj 

X yA jjl bub 

: ^Sba-b r jJJju 

^a jjl AjIJLi ^1 i V ill ^ ^yauill ^lua <lj-u y bjbj / 1 



.( jiuJi j^\) i - I max - l g - 



R + r 



0,63 I max Aajflll <3^1 $j X bub jl jbj£.b /2 

.(ijLuJl jicxjl) / jLluJi 5 JuiJ 

< R.L) SjljJI J*. jLUl £ IWiji JJ U J I 

jbjJl ^btn \jA .(jJSLoJl) 2 £b»$Jl £ AaloUiJl JjL5«i |>UcaaJl Alla- J! ( R, L ) a jljJl Jj-ai UJl-lC 
■ n ■ — * yuj Jbj . ( R , L ) ijtjjl ^ + J ' ' j <AajU4^J| l y0 liji ij / b_jb Ijbj ^53 .jJ^ll ^_yU*bJl 

. ( R,L ) ftjljJl ,ji-lj jbjJl l.iA j jlrblj 



di 


R+r i-o 


dt ' 


L 



. Vt« 1 1 ( jJ^il Lib jj bail’) AajLJI A jWalalll AJjlall j E — 0 £ua j ^ jA^j 



s l^la- (Aoihll wS^iaJl) ^b 03-b <bj jJl AjjLbsUb aJjLm 

L 



X = — *-* 

R ^ 



i = 



R + r 



i = I max =• 



R + r 

. I mux l _yUcaaJl i A jbjJl aab^ 



: CP! i = 



-O/i t _ 



/? + /- 



/ — O.V ALaaJJ' ^ iiaa-Vj 



. E -/ , ^ _-*/. 

/ = — e , ajutj l = — £ J 



/? + r 



/? + /- 



. bjjJ / — r AbtsJJl ^3 



A 



£" + </ A : ' ,b">i 4 ^, 1 ^. ^ 

• , di 

11 1. ~ n + L d t 5 Ur ~ Ri 1 ^ 

E = Ri + ri + L%- = (R + r)i + L * 

dt 



di R + r . E 

dt L L 



■ ■ ^ ^ ^ 4 a ... Tl' l i 



( R,C)ij U)l iUU l^lia Lbij Ji .jb w3jJo AjUjJI AabbUi AjjU« 



. X = 



/? + r 



i( t) = 



R + r 



( l-e Ux ) 



■ ^b»- LuJeacJj 



. Aji . \yr i 3 A _ i l i ^> liuJl Alolxil Abu ytlb Js«jl I jui yt '^^ l~*. -i » j 



; ~ f ( 1 ) oLy ^ 



i = 0/f 



s jj| / — 



/? + /■ 



Y J-e " 1 ) , t = 0s u< 
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w, = 0,1— = 0.1x5 ; =0,5F 

c// 



1=^ 

/O 



II H ( t JS^Uaiw 



it/. 



= 0 j! «* =/Oi ^1 U R =Ri 0 iu, 
1 0 j-uJU jAojb jjUu r(t)olu<x+^) u„( t ) oLu o' ji^ij oj 

1 JjUjJl ^J^aaj 03JU 



t(s) 


0 


L l/s 


t = 0,0029 


00 


u r( v ) 


5 


2,5 


1,9 


0 


i( A) 


0,5 


0,25 


0,18 


0 



I JLUl^ /f/ J o4j LpW tjlj 




/ — 1 „(? i (J ^ i n i t 0 - 4 cr 1 "' o t=l ®' - ^ o^ i(t ) oWj o! /£ 

//„( t ) ibl»li /j 

: > « j^.’l tjj -u^ji ,j*aJlLu O^- j> 3 LJ AiljU^JLl 1 yArTTLTt l ' U „ ( I j ^Jr.-ill o' Uaijj' 

M//; = M„e 






u K (t) = 5e 



0.1)1)29 










( sa masse <a)u^> 3 I) GBF JJ 34 J U*~i,m Li jLuaJu ijli oiw /2 

9 jJ I jufe l jLd *)l 2 jJLA ^)$Si J 

S -Ri 3 I Rigs i**j u m Ja/I /3 

. i jUill O, \.&>\uU> 4j ^_|U>~<...'| ^5 jjl jj^jjl ) JjL« /(-J 

1 .1 .^.-w , * 11 . \ I j ,2 JSLiJb 3 & 1 a*— — » (Qoulj lr>xb> AiujJa o! /4 

. JSLuJl 1 , j in i « 

■JaUHt .i_juuLill Ojl . tflft ) O 3 *-^ J^» (JjSjl /' 

. djll ,4 ,U*« i |_g,'tU jl_,"ll J j"' j ~ ll I. l Jjjjl I n i c l /s— J 

• U BM 9 U L & £> i “ l 'Z 

. I . AojI jJl 4 v ni*>»l /J 





/ 3 11 [ sjjbLIii 3 j'jJ' iojj txlajjia / 1 
j\yUtH\ pM,\j$U, iju - I^I Jjia JJj 00 * 1 * 1*1 • 

O^li-oll Jl^-Li d.Xj-ii 3 II iajj (*J 0*3 .*> . <>l f> all f»lj'*»-' ■ . ‘ l * : 1 

,y^\ ^\jiy Bi \y A 
? Ollj > ill <r> • 



W - 4M > ^ O ^ M O* 4 £>^3 ^ 0- 4 1 CT i W >«^' jW^ 1 O ' L*J 




0.4s <t <0,8 s 

A 4^?'3-’ J-»Uj» Lull o- 4 ^ wJLu Alo/> fl j . u a kb*-i / jUiJl |j 



'OA 



di A / 



0-2 



dt At 0,8 -0,4 
di 



5 - cW 1 • (Jail 0*» aLuuaxj 



0,51 : . Vt> ( 3 II ^ — 0 , 1 — — j-. ' 

dt 



ft-Jtt 3 LjJl 

H /. = +^> I 'j-Af*-3 J3^i Jbklt ^ • 

l! I — ~0,5l LjA >-3 (jilajl Jb«ll JJ 3 • 
u, =+0,5V o' ( 0, 8s < t < 1,2s )ojui juii j jbo 105^3 . 

— 0, 51 o' ( A 2s < t < A 6 .v ) £j|jJi Ji?«ii (^3 • 

...iOi(b«il o-« (jij L« ^jUx ll jjSLjuj • 

t*i(t ^oWj /4 

I (_JUJl^3 (jjUiS OiaaJ' (^aujj3 (JjLJI Jl3*jJl JljUj Jilau 



tf.5 


'u(V) 










0 , 


4 n.s H 2 / 


6 t(s) 


-0,5 









.( en crentaux ) ojUJ JS^, Ju: 9 \ ,aju^> 0 jU! o^ ojUc. u, (t joM 1 > o ^ 1 

3 -»_J . n 3 J' ^ E A ii. A-.I ( -l 1 A alUtll /5 

— — ® jia*JLi |_Jaaj 

2 

■■ ^3 E m = —(0,l)( 2) 2 oj! / = 2 A UjjJ t, = 0. 4s Jd^i j • 



E m =2xlO l J 




OJ ! 



/ = 0/4 UjjJ = 0.8S AlasJJl J 3 • 



7 |jj^AjJI 

.j'JhjJ'VI (^a<lj JaxIuO .( R = 1 on ) 4a>3li»3 2^ l£uulj iuJlla ^$jju jJHa jbj j}$A 

.(1 J^aJl) jlll jlaail / 0JjUl 1-1^3 .i U .iiir^l j j Ja Qvi ^,*.1 i^^ll j~. 3 ~.l 1 V 

• t 3 U 1 O- 4 ., l A li i i 1 1 JS’.Ml 0 jlaJ ibaj^Ul jJl Aij jla / 1 






r,l) o)\x)V) 



U BM j U, JV aiVaJl /£ 



di 



“ L = 



L d(u MB ) 



R dt 



U, = L ■ ,~<T'i JUAJ \q~aj\aa jlA 4 x.jum ft]' ji Lo_i • 

'• dt' 

= Ri 3 &^j*3^ 3 u hm L«> • 



'MB 



d m 



u, = L— ( - J ~) * osu u l A o^s^Ws ' - ~~ir o-i! • 



dt R 

( — jULUi^l Aa>-ly>-! jSUj OjIj R ) 

dt 



R 




.... . d ( u m ) 

. U BM Jjj> 3 & — o' • 

L £Lul jj! &AJL& <— jLlo>« /J 



j <aJojLlJI 



• 2 _i JOaa Uj o' >jLLJ L ^C yflleaj iJ-iJl M/ O 0 *-*-* O -4 



it ! = 2x2 ; Uj = 4 V s oj! 2 V / div //, J ajJ^uji a,i m i nn»i i o' '-vj 

d( U MB ) 



tLluiLiOk]) 



dt 



Jjxj • 



du sib _ An mb 



U R M J jl jUiij JjaI' j^juaiuiil Jj-» 

dt At 

3 . <V _i (JOa.< —jcu J! A^iJl O^ ^ MB O' 

, ■-■<■ .( 500 mV / div ) <0 aW 
A u m = 8x 500m V = 4000m V = 4 V 

5ms / div $a> juul '3 At — 4 div 34 a A t Ul 
At = 5x 4ms = 20ms = 0,02s . o-i! 

= 200 V. s~' :^A\a ^^3 



L = 



A/ 0,02 
u l .R 4 x10 



Au 



MB 

At 



200 



'.*>-'3 



L=0,2H 



«/. 0->! u, - U AM 0 1 Uj 3 . 

Uj>i M AKaOi Ul . y A 0^3 ji^Vi ^^4 j^u A JUaiUi # 

.aM ^.1 JiiJb $a> U£= .ji^OAVi ,-<uO jJ ( la masse Alisji) 

OS’ u n j^3^^ o' J! a .O jj .ajUJl 3 3 Ui _>UIU / SjlUi LJ SJj * 

• _ U MH 

1 ~ •• JI4JL13 u ft ~ U MB £* U H = 111 AjjUc .^^^1 

• l A.> A ti » a lAbjua « w/j 5 _lALO «3 .Aj I t 3 • 

? iuiLi u MB j 4 Ou£=, • 

till II AloioJl lajj > . ‘ >. 1 IjJ .(AiuljU CJ ibj!l?l iajjILi Aj^u o 1 VI iUi vl i U.^ ^ , 

• u bm = ~ u r d* v-JUi U BM o' (J! A^iij aJUJI ojuk j 3 .JjUJI JSLLJl a^Ojjj Ual. y ^ 

jIJhA^i (A^ij 3 0J53.5I1 "( Inversion ) ^S^." aJ^jJi j u.-- i . oiJjJ • 

•^ rf’*“* > ^ ^ ‘ “. | / -i O' — 

Oj ey-bjifl IaujILi O') tybjjfb jj£. GfiF JJ3OJ /J 5 // jjiaj jil o' /2 

03 ^J o' -■*=•=! (Itt masse ^ AiOJl U 3I OyiiJ la^ll o' AlbOl A 0 a j U-w M.j (ttU 

Ijli .fGSF e/1 masse flottante) <uiOa aU^, aJU j jJ^ii J v. ._.^ jUu ^ 

.(court circuit) 0 ju^ni\ ajUii oU> O' a^Liil y.^Cn", ... i , j . 1^. oJJj O 

1 O^! H BM ~ ^ MB U& Hr ~ H M/j — Ri Oli .LU 1 J U 4 — > /I /3 

JS^Jl jih jl /wj 

>,.i, m L U l a jUtio o=OU ( JS0 oU_j! /I /4 

• ^ AJUi o^ Ajjlolt ajLO^'l • 

• Hj t^lj >4^' ^JistJua J£. Jju AjijjII AjLi^l • 

JrfbLJl 

l = Ojh ol Ujb 05^ / o)j* 1 Ajlj jll ijLiifl o' Luojbsi 3I3 u, = L— o' |Al*j • 

dt 



U BM ~ Ri 



\jjij 



di 



It ^ — 0 l : AO43 — — 0 
dt 



O)^ t at + b 0 ^ •“ I ' O" 4 AoJjUa O-jJl UaOLi Aj. u o jLlIU / ajOJl o' UubyJsl 3] Ul • 

•AajyliojLiVi^jlc. Jajj .J^oia 1 o*3 // 7 = ^Luli s AO43 — ~ a — ojO 

: 1 — dt 

/ a J4I3J3 jl. j' il l T j3_iJt A 4 j 4 y l... ~v /k_i 

5 w.v / div ^ ( balayage j-Ji 3!) o-«jJi aatli -^u-u 2 JSOJi ■ ....^ • 
T 8x5 40ms , T 0 , 04s 1 T" = 8div ^1 juo ^ ~.'i jl>I 0^3 * 



/. J -.- L - 

T 0,04 



f — 25 Hz •. ajUjJLi A f ui • 



1/1 + R-h - M 0 e~* = -r ; ^ r = J! »Wa* f 

R 

la* e * +!£-!£.-* Ll 



i«R L £ 



e =- 
L L 



E E . D , 

.Ajlqaa 20 jIjlI 13 ' — ~j~ O^! E i\/ fj 



■ j» JLxOa Sjuui jjl J>J (jiLi 4$' 

. It =0V i j» JjLj-» Jilj JiLu p^« jUiaii i^i jjj ^Li ^^SJl o>a£Jl o' .U U c Aj 

<!_] | jJ | j* \lL '. l l ‘ * ^ -■■ l^jl^=> fiOLA^l' Ojlj AjLJuii^jl jl. O e' J *C 4 J -d jlf l-LO 5 

.(oulit jLOJ' <0L>>) 

a,w-/.' i ^ jLiji ojii j»j At = 20 ms iuJutj o-La j ajJoUJi ?ais o! /' /4 

j/. = L —— — L — - i - ■"i < C'i ijA ^Jutj . OA iu-iiii J! / n = 2 A 
dt At 



u L = 200 V 



. 200 V J! OV j* Uj iLa^i h' 4-*k>l2Ji jui o>is £ o' ' j* ^**9 

JSOJx. J^j) rtjJoUJl ,_>*-» Vb jUaiu OJJ Lu{j^=> Uj^iu ijO-Ull jiAJ' jjiiJ' '->^> 

a._.,:.jli j o ^ i‘f=> ajui ,^i ^ jLu j 3 j-° ■ . 1 .“ “■ - * J- 4 ^ 1 •(‘^hWpS^ 3 

^jjlJu ^ I (;_■'< jL-> p\j • ** *. » ‘ V ^ 1 AjU^- p- 4 - 3 •( 

.(diode) 




/ = I n — 2 A — Ouh t ^UajJl ZUL>- 



u, =0 V ..pi u, = L — = 1x0 <luo — = 0 oi! 
— dt dt 



■.\jj»\ 3 u L = lx 



20x10 



8 CuuauJI 




AjiiOaUijkJl <0 jlxlt Tl cfcO' / 1 



di 



u j — L. — 3 w H — /?/ £a E — Uj + u i t : t 4 ? - p 4 LijjJ 

dt 

E — E \~ It l : a^xuLua jOLlj 4la^a T jl i'iC U j 



dt 



■ d-JOaUllll iUjlill ui > 3 



di_ R_._E_ 
dt L~ L 



AjJLOaUuJl aJoLxoJJ Ot i — I n ( 1 — C ) o' iO® ■ — >lOiOJ /I /2 

/ ^?/ ? r 

/,j^H £ —(1 — 6 ' )= ! 4,jl, ui> lfl-Jl j Aj l _>Q yu pi ^ ,0 ^ i 

t L L 

h c -'h , ^ c >a j. E 

T A L L 




(dAaLoaj iiuuag) 9 ijjjajJI 

: AilJ ^4 ^JxuixaoJl Ajjb j . V.AX A_<flj *1*1*4 it JI4X. Au*>*>- 




AUfl.4 I^Lo^Ulo^ L l£Lutj Ajlju L 3 • 



i R=5(2 Ai4^iiL4 ^43! jiu • 
t K Aaloli • 

* ^jJLj-4 D • 

i (ClLuJ ^S-LU ( _ 7 ix) jh ^u] jJ^4 • 

. ttl AjJuf=> (^»l > jJa |U ulJ L*l_*m ,1 ^-JL^cJu J^^-4 bJ y3*4 • 

: ^yJb^ j' ^ya.XJ jllui^l ^ub ^ 

jlil jLuJl SJLai 3 ^J^Jl^JLa ^ j jlJbiAl {Aiulj A^LLu* ^yLc. JLJ34I) £jyll JJ3IJI jl^jlca! ■ 1 

L v_jLuj >»3 o^b^SJl jLlIII j 3^-4 ^^plxj AjuuL^I (jl hui J jLu! -2 
. (R f L,) v. t xlriflll ^jLu ^ i(t) ^yjb^SJl jLuJl SJLIs j 3b* 1 AojjI^J -3 
.Ajl jluj^ ^5 ^ 1 ^ ^ I ' AdU^U Aj AkuljJlJl 4 
.JJbLdl ^4 J3^l bSJL^Jl V _ 7 SJ u-UiiLill yjl Jx. Jj / 1 
. AIUJ 3 JI (Aoiilj AuiiLui ^^Ix. . 1 A- v^l ^JUO^U Jlxj / 2 




. L )ic. 9 i jLuJ' cP-^J I444I3 j^ojj ^ja j i> vl l i£\ /\ 

9 2 v— ajL^3t CjLo) » ii *4-> ir* ‘ill -L>-i Ljy ix cLu 

: jJlj Lo JlC jlyi&b'' ph Jl 9 Ajl *~4glf I j) /w> 

0, ls/div 1 ^>Ji juju 



Ajif t ^ JlJ 3il Ailnij ^£_L)l jbuJl ^j\3 AjaLx4 A AxLaLoJl ^~. ~,V«C- v jjj j j 

SjUllt j ;bU' jyjj ^J] A uu lib jb==> Ju ^Loa^Jt > 4,4u«*j b ^loJb^ .LluaSjC. lt-w ^ ^ ^ ^ 

JJ ^X. ''^^ju-j'' AJUUL3JI A-j-bJu jbjJ' 0^® Axlolid' >.^>"i^ Lai . A-tuijjjJl 

. ybbll db»j^| 






- A ^jb ^SJl jIjlUI jA ^j-u±=>Lxj dxjuu^Jl ^jl yi> a ““ —^4*'' ■ " ^ **♦) 

£lajai4 JSLI* j ^Ujlb j~*~" _l>-I 3 j Aji jj <uja I ^ya*. dt oi • 

^ AM = 0 l * at A * J3 * = ^ J 3 ^l J3JJI wOi<aj ^yLS > gJuJ 

.jl^Jifi 2 u 2 l) <uUjJi j^SLu^ 

» I () A x al rSc i *Wai 3 J\ 0 A ^yA j\j^Jum\a Ja\jJa 42 L* jl 3 IJLjU / jLjlJ' ji ^irvj 34^ 2 ^yr* Ul ul • 

^13 ■ La jJL jLijJl J$jA L jtk < ~—>\ju 4 j L _ i m ^Jl ^)i ^yi-C JjU ' jl& ^ .AjuuOj dJLo cLjiI^JlII ^jJuuaA^ 

• A; l Jl 0 A ^ Ayall ^y° IJijv*) jLuiJl DJLui 1 xIl3 , ^31 tjili 1 £jl 3 SjljJI 

J^| jll k j-4 AjJl£. : 1 4.1> / u 

V’ ft ^yA 4 >ilc lGLu"i>» : 2 ^yjfcill 

jLxjJl' T J^jjl wjLuJ>- 

Jjbfcjj JG 5 -J JJU-4 F jl 2 jJOfcil! ^jA ^1 1 JA 

T = 50 x J 0 — 0 , 5 s : jbfcj ( 0 , Is / div ) su^xit w ^ ,, ^ ^ 

f y »l^*i ll . il <»i *v. 



J — 2 Hz ajj>$ / — — / — — lijjJ 

5 x.l 0 ~ T ' 

«-lJ < ^ 4 i l i J /. <WjJ 9 oIul> 

Ayj^iLuJl AjUuLj^JI JUjlL-I^ 1 , 5 div A ^JlAA U aM (jl 1 ill ^j_4 

^ AM max = 6 V X 1 ,5 $ JA y A J^all 



U AMnuu= 9V 



E = 9 V 



oJ>! U AM m - E 

• i( t ) J dyLialilaJl AJjlxll JTl 

11 AM = U AB + 11 BM (0 • frV“ ‘-r^>- 

^/(fl — f i ■*" ^“T 3 ^a,\/ ~ = 3 = ^ ^ 3 * w ^*/ = ^ t 4 

at 

V ~ 0 jf 2 s£\ A 1 a.QA r {^jA^VoA ,ji L _ y X X AJ 4 -JIjl 4 4jLy2»^Jl 

di 

ll AB= u L= L ~r >o^l 

at 

. di 

U AB - L — + Kl : asUia « 4A ,, ajUc J 

at 



aJjIxIi v _y^5 

( 1 ).. 



di I R j_ U AM 

dt L L 



JbU L k. d a-.fll l I 



di_ R._E 
dt + l‘ ~ L 



a»j M <w = £ J0L»- ^ • 



/i /3 



1 



J V /div : _y,i ji. jl*u j ^auji ^,..u 
‘ <JF%/iv : _Vb Ji.jLUJ J^auji 

jLJJJ/ T J3-UI ,^yl g' l i ' ll I II j . k jsvu» Ljlc. Aju» U l. <-»-» - ^JUl ,Ji. all V 

.al^^U £ la^D^ .ojiaJi J jlli ^cu 
■ u AM-OV 3 Uam=E JjaJbJl ^ jffj j^lou J<aai Jjl a . i l . ^ lfl ' i l l iOjUil / 1/3 
- i—Io ( 1 —£ t,T ) 3 i=Io £ ' ' 0 lrv«_i h jlir>l fl'»ll AljUll Jj- ^1 .-.^1^ Ijl 

.wUiiUll I4IJ- dJL>- JSJ luclia ... ; ju ZjZ J3J 1JL&3 ja_. 
.> . 1 m l il l <Uj- iUaj^b Jiall L j i - »il l ,ja t_)j- JSb Jijl /£ 
. L a_ii i~imi3 . r 3 Io j^jUJi Ji « 1 ^ ja> / j 

jUill O..L11 l^xS QtpZit ! Slr>-i«l J la* 3 2 JX03JI J '(jUVfl K iajalill £*oj jliu/S/l ju£. /4 

.2Ua1ac.1 

3 /3 ai a J<i i.iil ijll .aljl Jj /\ 

. 1 1 A^xiil Am i.t. 1 <1 1 ... <L »>1 V %l l ^ M—t/s* 

■ "^3~J |4>J h — 20 c/t 1 4 Aim 4 /?? ^mT^il ^Lfljjl jULm^l lr^"wV ,5 

. /?? ^»i^ll ^Ifljjl julA /I 

■ 4t»_i'i ill - p j * .4 jl«ill oa* J3^^a wimj-13 IH (4mT«ll <u 33 Hall 4l_n«->-i«ll la£.l /wa 

. g = 9 , 8 N / kg i m = 50 g , Joa j 





to 



00 



•J 

.3 



\o 



-J 

s 



J=JI 

aJjjJJ jj_^ 1 i ^p 3 ali jl^lo! 3*3 J 3 ^i — aagii /l 

i( t ) jLloJi sa*i ,3 ji^a*vi ^*uij 4aii Jj yuz. 

4 j llr->A Lajj-1 aJ^ll JJJ u jy) JJ3jJl jl^lo! |<UJ • 

3* 1 p*-— ■ _y^ Jj-ali ^^ 51^3 ,jjl>.ali a>L A£ 3 ^ 

.y^ll JSLiUb Jab 3a 

/b Jj-alLi ^^435/1 JiUJi Isjjj pZu 3 jiaJi J jlli i( t ) jlaili sjul jl^! '« < ~~ > • 

i = Hj L = HBM_ 5,^.3^, 

/? /? 

ijlamUj* u ( t ) 3 i( t ) .boilmll AflVjJl , .mi-*. k jSJ Mg W ) Jj i( t ) ilbj-M* is 

. i( t ) 4j3j ^d j " rt * ^_ 3 * 4 aiLlJl T l^ 2 / ft) 4 j 3 j jla 4 jlr 3 * £ 3 ^ 1 4 d j 4 ■ 1 • . ) ml * ^ 1 ' a^'ij 3 

. 1 leaj^lLi K 4 j 1 oUl]I Jia>3 -jj .jiltalU • 

djLi! JSLm ^jlt 34a k GBF a)3lt J Jj (jjj U am ( t ) jj_Ji JJ3II1 Jjl»j ^ jJi 3* I i l l /i/2 

• i( t ) jLulJl DJLu/ j^Lau Jjl^j |^$ jjl 2 ^yafcjdl^ >(>"»! ill) 4 ju y 4 





E m =0,252J | 0 3 ! E m =-0,35(1, 2 f 



dJiLU iLxj_uj ^JJ A . ... «U l < ill *4 AlUvll tU ^*ajT»L) «jL)^3«ll £-9 j v. ^ ins /\ 

.^lO«J| £-3 jy& 1 "i.Itj > "lU >• 

A_> ^iUcaJl SUluaCO*J| /u 
// <UJLojlJI J^J^o 




mgh 




2mgh 2x0, 05 x 9,8x0. 20 
ill 0.35 x( 1,2 f 



0,3888 



rj « 38,9% 







. J ..1 n. ) AjuLi^SJI djljJl ,-,> V.ir» djulubjl _.U>i '. ill SvqlUJl ^ 








di R . 

+ — ! = () 




dt L 



"^ U AM =OV-Ai^ l $. 



4Jl>- A aLo UlJI idjUil .1 , y^ j ^ 

I q( I ^ VLU jL>-Lj 

i = I 0 ( I-e ° ' ) = 1„( 1-1 ) = 0A jb»j t =0s 

. /'. jJ^ll ^ ilr>_i La. 1 iL ( R, L ) OjljJl jLLLjl cJU djci=«j ^al^j La j*. j 
. 1 A AtLaLiuJl <0 jlait . .imLu i = I R ( 1 — 6 ) JsJLiS 

.2 AjJuLaUljJl AjjLxl' . 1 1 mLaJ / — t* 

. J3^l (JsJl Aajj^JLi 2 , J |, H i l l ,j-a Jjjfl c^sjl /£ 

• uiljJl jJsJl <3^3^ 3<£ 2 e^?dl Ui 

r j/ () h jjJLiUJi , vi. Li«j / j 

2diV _i ^jLA^l n Cl\ Jb»j 2 ^ <■_■*■ j'l ja 

t JL^j V’yj 4 _UajLlOkJ1 JUjlZuaiL)^ 

/„=^^ u nR =3*2 = 6V 




If) — 1 , 2 A 4_ i_4 ^ ^ c^i 



: ^\2L2u^irij LuLxj 4Juuju f ^y-o jJl v 

4lr^fl'i iduslia jjl cJu j 2 ^yOfcJdl ^y/Lo-4 fluujj : • 



jUJt Ui 



T — 0,07 S JLpt.i.,^ / — / , ;c ya3^1 wijliiil IcaiJl j-4 ^Ull ^Ul2u 



yk Ui=D / — 0,63 If) ^yJt // <Alnfl ill AluoU / — T dlbotDt : Ajl>IjJI djoj^UJl • 



X — 0 , 0 7 S Lcoji Jb>j (JSUJLi 7u-b^ 

L <L4jl3 ^tLH.A 
L 



L = 0,35H o-i! L = 5*0,07 ^ \ L- Rt juJb^ r = — oi^ 

R 

5^3 v i • » ~ ^ JUil ^jLlUI j»U**aJt jljuiibfl /i /4 

jyxll > .2 £uO^\ J\ I £-uo ^J' t J r A cLxUUJ' jyju 4 a jlrSC icUulj g\ _ A^ A J JSX . j 

3 JL3 2 ZC Alrb*»j »A_1 1 Sjt^uli > t tiilj U>4 aSjljJl jU LUli 

^jUIH ^Uo^aJU ^yiiSlaJl j J3j^ ^Aaluo V jUllU .<UjLi^ 4SJ| Djtjjl iLxjui^Ji 

.fUu-aJJ ^aliLdl dbkliVt j j. 4-i aJjcu U>s .Aj&UUJI ^1^. 
t u AUokJJt ^ Si 1 ... «4\l 2L3lUJi /u 

i = I 0 = 1,2 A I u_ijj t {) <da=«ui l jSJ £ m = — Li' SjLlsJLi Juj 



JaJI 

qL jljLliS) / 1 

jjt 2 34 3 U G — E — ojLj .J3I1 jaj >0SU> 1 J-s-Ji* 

• o- 4 1 3A3 = Ri ■ ^3^' JiliJl (J^Jo JJJ 

.ojUJl J jllI Z >gSJ' jluoJl •**“> otfibj 2 Ji-all ji jUa£.l ji»j u£= 

i R , L ) 3^'OJ 1 J lit) j y — ' ■ 1 doLdi^oJf <CjU1i /i/2 

£/, = L — - + ri 3 (/ s = /?/ : ^jSU £ = U R + U L •. oil 03^ « . ■ » ■ •* • 

dt 

E — R i + L — ■ + /■ z . E = E — - + ( R + r ) i ■■ . in ls ^31(1 oji-uJi j i_>*»3»j 
dt dt - 



.A^lldtll rt_iii^>liCJl Ajjlill U&} 



E di R + r . 

— — 1 / 

L dt L 



; . Lpm.l E ^jlc. A 4 «llfliLj 



0<» U^-> SjLxC jbajMi 1 i( t ) — I p( 1 — € ' ) 3A limll iOJLoUuJl 50 -llall jl j Ui cb -j 

. a_iii^)lfl~i)l AjjUll j Z ( t ) 0 jLuC. (jaa 3 »j i A 3 Ip 

di 

I Jj'niiU OjLxC. Jc*j a-.li 1 ill j * 

dt 



di 

dt 



= I P (+Ke Kl ) 



— = I Ke~ Kl + 
L p 



R + r 



I p (l-e K ') 



E , t, -Kt , R + r _ Kl (R + r) 

— = IKe -/„ e K ' +- -/ 

L p L L p 



— = I_ e - K, \ K- 



R + r 



R + r 



L '' 



£j ^ y 

— = 1^ : jLLuJ Jjjfl Jl?kJI ^JLxJlj q! s . i?*j dag -* a 4Jjl*il 05^-* 

L L 



V 



Kt 







, E 


a: 


= 0 i L$! .1 Uif' Lisajl 


I P - r,^ 


l L ) 




R + r 



: l J l4 > 9 



( t — > 00 U IJLC. La) j», >1 i.l o' O SLaJ V I p£ 



>“ GX 3 )W> 



IO(JijmII 

l«l 43 liLa 3 E = 3,8 V iUiLi^l l^j^a (ft-Uib-) Ajjliaj : o* Ofe J,„l...-,l i 5jtj 
. A = 50/2 Ai^tia ^3! JflL,3 /- 4 ia 3 li 43 L l£Lulj ij uai ? . A’ Aabla Aji-lUJl 




( Ajjb ^SJl OjljJLi 1»3J Jji -J^uib- aL-.,..lj, ) A^ali. ^ ■'...' 

. i,.V *->3 AjtbloJl jliu t — O.S Al bu i l l ^ (-J.ai-iJ '5 JJ3I' a JJj ^SJl 

. jJ J3£=iill jjj ^31! 1 J JLxj iLiijIl Aiji 3)1 





.Aioi3il ^ U^UL) jbuo 9 2 3 1 Jjli-Jdl J o'-iALil' objbjHjlJl o' U 4 La / 1 

• f R t E ) b jl-ijl ^ i ( t ) jLOjl a_ui j 3lou ^,’m i ^yji AjJUaaLZuJl 4 J jlxil tO-lI-u' /i /2 

. /,, 3 A Ol^i^ 1 1>4 i i(t )— I p( 1 —e K ' ) 3* Lgb- o' -~.i ale Li! /‘O 

? jUjIUi ^4 I jLo /jr 

. 1 ^ 4 jl .4 t _J*~ — > iUji ^LLLluil / J 

a / ^ /- A.^Jl 3 L_UU>I /_Lb 

^ /* Ajil •>-L jl]I 4^ * l«ij <LcuUxJl c\Ja_Lj I jJSLui j ‘*~ 1 ■ ^ <*•—-» /^) 

•U q( t ) $U R ( t ) 04 Lffi iJ^T 1 ja i a il l ia£.l 



(R,L) »ji^W oi; 1 " 3aiajil 





/. J V oLa> /-A 






jj / = 

p /?+/- 



LbjJ • 



r = 15,5Q 



o-i! r = 



3,8 



58*10 3 



-50 



Joo ^ya'^aj 



L = 



R + r 



R + r 

o j| K — — — — o' '« *= => • 



K 



L — 1,1// o-^! K = — - 77 —^ — = 1,14 : 



58,8 



U c = E — r' i Jj U G & E oV* r ' * U-ut /3 

i (j~ a , a .o-ajJi £-» i (t ) o^ O' 4 ^' t 4 u * * * . 1 

E-r'i = Ri + L — - + r i ■■ (J! igK.i. jhjuu juL-oUuii <UjU 1 i jl U^> 
dt 



i'(t ) = I ' ( 1 -e K 1 ) ja I 4 U 3 



E di R + r + r ' . 

= 1 / 

L dt L 



r = 



Auuay 

E 



p R + r + r 



7 ^3 



: ' I iJSLilij Up ( t ) 3 U (j ( t ) QLj-b». il l ujIj I jJ .iUuUuJl AajloJI ^yC. (_> n aj-i a _ i 3 l5' 




OdoV> OJ)W> 



K = 



* + ' „ R + r 

—j~ = 4^3 a: — j-~ = 0 , 0 ji 



4ujLj 4 Q . jLi 

3A aiuliJi AjlublijJi o' jLilci * 4 jLjjai( iLiy _7J.au K 3 / p ojjjliJi Jlau! oSLaj 



L E 

r = £* i(t) = — (i-e-Xj 



R + r 



R + r 



1 =—^— 
p R + r 



o' jULijuuj i(t ) — 1(1 — 6 ) dlLaall 5 jLl»JLi / ( I ) J ajLuJl a Ait <G jUl«u 3 



1 



K = -^~ j\ K=- o'j 



R + r 



.^ 3^1 4 nj^Uill 0-4 4_.lt- 1 U IJLA 3 



K = 



R + r 



CP! 



/=/,.=• 



p 0 



R + r 
1 R + r 



.jLilJl 3JL0J <too3 ^aAaC.1 JLl»j I , f Cullll /£ 



K = - = 

T L 



^$i Qajj I tli-ilj .— 13 I a fl A OjUJl 



^vJuUJl 4 ax3 T 1111*^1 /J 

U IIK = 2,9 V ^,4 t/y; J («lacl o' 1 lyljJl u >‘ ~ * > ' 1 v>« 

t/ s = /?/ oSJ 

i = I p i^' . 4 _i <Jr>C i 03 ^j / O^ ‘ = A/ ^ 03^4 La. 1 iC .3 

O-i! * ^d qr — E I 



1 =Vj>JL 

p R 



1 JJ 3 



I p = 58 x 10~ 3 A = 58 mA 



2,9 



CP! l p = - 7 ^- ■ 



0,63 U nK ^ 3^0 ,Ji]l AiaioJl o-a 4 jLuj>- i jSutu T j'U^J 

->. , ^ 4 ji 3 _^li 4 g_r. 3 J 1 3 * 1 1 o^j-aJ ' & 1 ,8V 4 n 7i 1 1 fl.'i , 0 , 63 x 2 ,9 ^ 1 ,8 V 

t = r » 17ms s o-i! • r jJi / <uoi 



A: = 55,5^1 o^! AT = - = — roSJ 

r /7x/0- J 















^1/^J 

|J yUJI |^i C Mfe ||fj 

© .»>**)! 3 gM< 3 <^I>41 3 



pH - 2-2 

.^UiJ$b»li pH j 5 ju ■■ j*pH Ji jl^?- •« 




pH 4 ^^ iojUjjj Aiu<a jJajlj : /?// 

^ 1 , 7 |' ^fb*» pH J dJL^-lj 4 ajlS JJb»j 'i : 4 j ^llt * 




LJ J 3 X 30 * 3 ( 



- 3 



«J« ■>>'' j jjill o«<a-*aJ' -1-3 

OjSu JUb 3 l oUj>. JSbi J^^yuj^.cUl J ^ jdl J* : 

n i o; ai) +A; aq) ,r->;ud«acuu 
... // , 50 , . ///VOj , HCI 



HA (aq) +H 2 0 (l) 



JUJL13 .oUu>- JSbi .till 3 Ui>- aSSJu o^Sj lS-AJI ,jiA 3 «J> 3* •• . 

HA (aq) +H,0 (lJ ->^0^ +^; .^ft»^4»cUfloj£rf 
... NHj . CH } COOH . HCOOH 



5 



jjljSJt 2Ul> >xi ^U«^£a J>au J^b- ^ i Tt l u A 4JU> j$laj 



31 ~ ^ 1 n _1 

- 1-1 



3 I // * O 343^ ** J [J^= 3^ 

•0343^' blA ■ . l. ^=a &lojl j .. i *-— > i 



Hard -equation 



HA — H 1 + A : HA 9A j-»j - 2- 1 



HCOOH = A/COO “ + // + 

• a ^W “ J4 



B + H* = BH * , Z? ^ubfi >j 

JH. 

NH~+H' = BH * 

( v > 4 — J ) Jj 5 » 'WjU 



HCOOH / HCOO 



(HA/ A~ ) : ( 3 =^ /a-i— ' ) - 3-1 

JliU 



j 043 kJl . i/n 

4 ^ wL 3 . /I 



( HA / A") 









jiusJl . 5 / / 
^31 ^il 






v . IT ' 

T ^fl 


yv//; / iV // 3 


jn. 

<= 


<= 


(BH*/ B) 


L /rJi 











L^-iS l^iuj ^ : ^lilJ^Jbcll pH 2 

. pH Jl f §£cla L« ^ui j«JL»Jl £Jial 'g ‘ . ‘ .i 

buj*^ - 1 -2 

^L<aj JiiMaJi oaA . pH = —Log [ H j O ] s aiMaJU J^b** pH ba 
. [ H j 0 + ]< 5. 1 0 * mol.L * •■ l^s (3<n«~i_i (^'3 4 a j -^l i L j.j.n.^<.ll 



/^/Z, O' ] = 10 pH 








.. Jy us= jjfaa 09^9 -^4^ cKUiii &**£=» J^= oM 



Xf -X max 



. ^y^iatil j»aiUJ Ujlu^ f^®^ 1 09^ 



btliull j\jJ rtjlc.j 






flj _^£- aJL»- /2 

b \3 IJJ 3 i4Juo <A _i 0 1 ~— 1 * >4 H |j«»Jl L^l®-^? ^ 

A'y : u_ljSj Ui] .Aal^D * ^3«1' 

: Jlj 1*^3 Oj£a2> 09^*9 




*/ <*„„ 



, ^-,Ur Vl filial ^ >ual Ji V^JJt flAiuJl 09^! 



r = 



( Taux d 'avancement) ( r ) V** -2-4 

. <-•*>» 

: OjLuJL w u »~ 4xi*j l3 LJ^ L - i « - ‘ ^ = > i*" 1 ®® 



jk'jLiuJl a .■■■•. D j£i <Uj»9 X = X f 09^ JcUill ^3 

A' 



.T = £— : U* JcLiuil 

^ ma»r 



T/ = 7 =700% ®i *9 X f =X max + 

x f <1 JUL .9 X f <X max W?\lj £Je\iM o\£=*\* 



0 < r < 1 : Alix3-^U ◄ 



i-»jsuJaJl (jjLyySflj ti J*J' (j-l— VI -2-3 

Alcliu 09^?9 >'— , l-y^T > ' V3 ielll j U l ^ => i, ‘K fl<j ^Lu^l 3A 

B(aq) + H 20( I) BHfaq ) + HO (aq) , ( ->) Ulj 

... KOH , TVc/O/7 ;^Ui 



x( O ) flj jyt. 4lcliLj ktUl Jj uISjlu ^ ^^Lubfl 

B(aq) 2 0 (l) = BH (a/) + HO ((Kt ) 

... (CH 3 - COO +Na + ) , C// 3 -7V// 2 . 7W/ 3 

ujl^t ;JU ^ Js^ - 4 

X max Ay ^r*'4^' ^J-* 4 -1-4 

+ H 2°(I) = H 3 °(aq) + A (~a,) • V WJ*U*fJ3aJ 3 J*&Ui 

jcUiJi 50 jI*4 HA (a] ) +H 2 0 (I) =H 3 Ol aj) +A (aq ) 

fjL & jJt 

i^ijLo^iAJUJi 0 n 0 0 mol 0 mol 

aJUlu^i iJbJi x n o~X 5j W> X AT 

AlsJl vV i fig — X f Wlj jj X j X y 

1 l jCJL>- ^x«1i 
^ lj J^-Iju aJL»- / 1 

n () -Xf =0 QjSj QJ iUUj tjJUlLi9 .Jc.Uuj /4 // 



k Jo«Jkl J^Ulil OJl* 4 <a.4tp ‘ ft q 

4 j^UUJ ^^ 4 ^* I X j > 

. JcliiU s _ y *laC5/l j»Uii3l : X max 




: 4 \A^ 








X (i;>aV) Q r j in^— •» aiMa 2-3-4 

. . D i aJbJi ,_ja > 1-4 jjuJi J Js-^ J! U^ti! 

„ [ H } 0 + ][ A~ ] 



Qr = 



[HA][H 2 0 ] 



a _.O i V vlt 



[ HA] = — - tuja 



[A-J-f- . [H s O‘l = y • IH, 0 ]=l 




AJu»5 Q r - 



X X 

X — 

V V 
n 0 -X 

— x 1 



xSt Q sjUc J 0 °"$^ 



K ■— m ^- 1 ■ 3 - 3-4 

oil JOjtS Ai*oi JLjuaj g r/ Oj'^ 1 ^ *U>- jLu L.J-U: 

. .-.<"• I/V i . <r j a 1 ir-t'i oVx . 1 n~i all ojlll > 




.OiVcUiUl ojU .1 oU*Sj V 3 lJ*- J 3 “^' * K Oj’3-^' 



X J a jliffillH J r ^ Jpliill f&l 4jjlfUl V-ili -4-4 

djl jJil j~‘ jj^oau aj 1 •» • C ^ 1 _/- : ''>"‘- J ^”* 4 O** ^ ** 

? A 3 a jUaliUJl ^Uil AfliUJl ^j-LlS )l#>- laii pH ^Li 03 J a ^' - ‘* - * ^ 1 1 

5 X f (•* l >“3 

: d_JLjJ' Aiu jlall £_0_) ■ ^ 3^ 

+/W,, =H 3 o; aq) +A ~ a}) , ,m j (/« > 

H 2 O .Ht j. *.-■■■•. . ///I .H 3 0 + .A ~ , ^3 J3UI1 a oap-ijai £3^1 0^ /2 

. //O . aui-uj 

, ■ at-o' A a_J 3I1 iuc 3J1 iuiiUJi idVoj J 3UI1 104] cr iuiiUi ojU^. Ja* 4 -o /3 

a=X H 0 .[H 3 0 + J+X a [A~]+k H0 .[HO~] 

,AiJL> { ^^&J>\j)[H 3 0 + ]?\j>\[HO /Jafe 

o=X H) o'[ h 3 ° + ]+*a f A ~] (1) 



uJ'j^' AJU ^ju -3-4 

AlajJJ diMg ill AJbJl oV* ‘(_>"3^c £-U-i-« ALfcxl 1 J'^3 U*—~ < 

Ojb 03c JLj >~^itj jlJuLu j.j ( ja'tiuA jjC Oj' 3 ^*) Oj' 3 -* j O 3 y ~' a ,M . . ,<l l 

^ if joui ^ 33* *3' V, *1' j£.laill 1 j 5p>3jJ' Jj^lcLoaii 3J 1 jj ^ 

• ( = ) 

Q r JaUDi 1-3 4 

a ^LolJLu^l (jOjbJl |J\j ij£-U£il f Juu l^JU JJL>j A"* 4 ◄ 

ja^ju a/l 4 - = cC + dD oj | 3 i * (JcUj (J ^.1 ^ ^ 

: — J ^ujlskJLa 



A- 4 L* 3 fcJ%Jl AjJ ^ ll yj* [ D ] t [C ] ‘ [ B ] i [ A ] l £A 



[C]‘.[D] d 
Vr [A]°./B] h 



.(oJl>^) JUu AJ -J JJLC. £? r & ^ tYlO l / Li ) -J AkoJlJl (juJu ^ 

+2S,0\; n , =21^, *S t Oij m , ■^aaj.ua j-AtjUhdtJt- 

[cripp 

[A] a .[B] b 



l r] 2 .[S 



Qr = 



ii 2 ]'.[s 2 o 2 s -f 






. Q' r =— 3A Q\^r\-.-> j...£-> cC +dD =aA +bB J^UuJi alb- j / 1 
Qr 

£ (l ) a a .aU I A' j < i Aj^9 < L u. \ < SjLa 3' TO' 3-J' * 4 ) /2 

. [ H 2 0 J = I i^l Q r SjLt£. 
CH 3 COOH (aq) + H 2 0 (l) = CH 3 COO; aq) + H } 0 ; aq) J^UOJ' : Ji* 

= [ CH 3 coo; aq)][ H 3 o ^i 

[ CH 3 COOH, aq) ]l 

ijj .^..Wy - a jjc J3SJ .( S ) iuLo ojU oMtUili 3I jOi^l o»i o^ 5 * 4 ! /3 

.(I ) JjLalt . 

~C U (aq) + S ( aq3 =CU 2 S (S) JcUillj^SJ : JOo 

Q _ /0<7 S(s)] _ l 

“ [ Cu]: q) ] 2 [S}- aq) ]• ~ [OfcflSfc,] 








al * 



.elll J (jiiAsJl Jlj J^b^U T f y^=D}l\ U l *= 



K (jj) jilt ^luUj j t Jc-lilll a ji l^ i ll A^i ,M i l l -5-4 



K 



[ H , Q + ] f [ A ~ ] , . 



[HA] f 



O jl 34 JI OjIj O' («Jbj 



[HA ] =C -Cx f 3 [H 3 0 + ] f =[A~] f =Cr /0 fl 




v-LuIju Jjlxuj |> Jual) 4, na i ll 



^L-i / -5 

4 j A aJI (Jjl -t a l l -1-5 

cUU ^u)t i.:i l ?»'.ii - 1 - 1-5 



. JUJl JcUUi (£>3 HO 3 H } O + J! Lob >aii' sUt 



H 2 0 ( 1 ) + H 2 Of!) — Ofagj + OH (aq) 



[H 3 0']=[0H] = 



5 ,5 x.10 3 ms.m 1 



^HjO' + ^HO 



(35 +20) ms.m 



-i 



,25°C 



>jJi 



[H 3 0 + ] =[OH-J =10~ 7 mol. L 



-i 




i ; i j.M< j.£-. iy, = i-Lj-311 >j-£=>' jj ^3*^* 1 a IbUs^il Ojj^i J-a-»l„i'i /4 

[H 3 0 + ] =[A~] +[HO ] .iouo, 
[H 3 0*]=[A~] .^s^[H 3 0*]^\[H0]^ v 
O =( X H Q, + k A ) [ H 3 0 ] I Jtsb itfljUJl ( 1 ) AbUll £ o±'$aS 

t o4 

[ HA ]j l$! oj' 5^ 1 [ HA ] /5 

C =///4 ] f +[H 3 0 + ] f ,adas»lbU^oiMjM3-iUl 

, (jl [HA] f =C ~[H } 0 + ] f ,o% 

. pH J U-'- i os-> >5 £ 13^1 bjt -ia 03 SJ 

t + 

X , 

o> (*i*j 




T f = 



L / 



X max ~ n o =C.V o'U£= * X f -n Hi o< -[H 3 0 ]f-Vd& 



_ [H } 0+]f 
Xf ~ C 



T JHsO'h-V.. , 




T = f(C,)c\*> * 
[ H 0 + ] 

Cj J^lstutU '*£=>}& ji**! Tf o' Ty = “ Ch* 

. Mj — ~. •.'■■■ i IjJ^ tAajb [ H 3 O ] f o' 



ai 4 ->n a .-.t r. . Vi iObJb ^jLbj JtUili r f A ■ „ . i l l 



•■ Jj U^> ^bjJ' CT°*-^' ur^9 













j JaU*y\ / JjaJ JMi. <UiU«jS <U*a. jjJaS 5dA^j3l ffijufljlll 



pK a 3 pH iaMJi 2 2-5 

., v [H 3 0 + J f [A- 7, 

fl [HA ] f ^ 

log K a = log [ H 3 0 + ] f + log 



[HA] f 



-pK a =-pH +log 



[A~ J f 
[HA J f 




f 1. 

pH = /?/:„ + log 1 «ui£i3 

/ < ju\jm\ ) AjuUoI) 140uH*.> 4^LuiLu ^ ^ ~ <. iijU 

[ 1. 

~ L °g-z - = pK a -pII ^ 

1 AibJI 

,<uJl£. Kixo jlv^j Mi (jj! i ^ ] f = y J j\i pH — pK a jl£= ijj 

2 iJbJi 

. aJIc. aju^»aj«Ji 4ai^->lli i [ K jp^Ji\ \J f < ^ ^ J f ^ys pH < pK a ijl^= ijj 

3 iJbJl 

/ i^y L ^H\Jy > ^v-oua^JI J f oVs pH > pK a o^= 1 j! 

*i . 11 4 l l <1 a a 

cUlu^iU j jjo »J>jJl 4-JLiJl lalaiu 4<“ ... » Aiu^Jl rt^uljJL) 

. pi I aJ^JLi l JLA ^ (^Lu^U /o) AjLujLai^t 4 ** H /o) ^ _ » ^4> 1 ' 

’e>~ 




°/q — 



u^\ % = 






J J* -(- [ j .>i^ J i 
/^' ], 

[ + [ \jil*aA\]j 



X 100 



X 100 



ujw » ULJUSII -3-5 



.J$b*ll ^uiLo^a i2j1^L>-Lj <A_^uLu^ 1^ Ajmn>4'*J' ililj 



vUii ^ - 2 - 1 - 5 

i cUJJ jjSIJLlI ^ULSLail' iUjlai ^UajSJI Oj'^Jl Culi jajLJ 

_ [H<0 + ][0H ] _[JUCT][ OH-J 
[H 2 0][H 2 0] Ixl 



. K , tUJJ a^c-ju K — [ H 3 0 ][0H ] . jji 



.K e =10 



-14 



: 25 °C 2L>-jjJ' JLi£ 



K, = [ H s O',]l OH; ] 



pK,=14 < pK, =-Iog Ke ; Ke_ =W 



-PKe 



pH 3- 1 5 

. pH < 7 jtcSj^UAi . [H 3 0 + ] eq >[HO * 

.pH = 7 oi! * [ H 3 0+ ] eq =[ HO ] eq ob aus-u *• 
.pH > 7 op! • /” H 3 0 + ] eq < [ HO ] eq o4 Ju-uifi JJbJi -• 



- — to 

, . 7 -r^V . . 1 ► ph 


■ 


• — ■ 

7 

^^7II~7juZo zr~-» j ■ — 

— i 


4 



iujuai pAT,, 3 -1-2-5 

UWS= —3 jjlj .AiujL^i *^bfi l Uoi ^1*=- j/1 

. A ; OjIj 



/M raJ> +//,O r0 +' 4 r«,> •03'^'^'^ 

///l / ^ .•■' .Ml i^ua ojli < 




K a =10- pKa ; P K a = -log K a 



, ///l / /4 J 1 -a>»j 



^.,^ i ('/l > AuLuij . J>al ( HA ) o^= j^=> y K a 0^» ul£= 4 

.>nalo^= pK a O^J^=' K a ^ 








a ^jUIi 

, jJUjj .Jjlill JS^JI J OjjUil ^3 _ « a ^ JLl 2U-u>?UJl 4+^=^ 

. j-iUll J^lsfcib ^toJ : ◄ 

.^jLxIl J^lsfelL VLfcJ : ; !»>, » ^ 
Ul^a iU> \ » 4 a ^ 

■ju> -pH j^f- 4 

AjjT»lll 

. (/VtP + HO ) Lulu/ij / A ) L CX4J- JJJ a^jlxA JfcUU JUil Jjj-" Jt- lS>?*-> 




yA lC~.l l aU>«'. j-.j.xj Ai-i jio 
.(1 JC.M i jiajl) OWj 1 ^ 1 J2-u»Ul' AijJa < 

.(2 JSUJl ^Lail) vjLilSJlo^J ./sUUSUuJa * 
.(3 JC.Mi) ^H _ ( ^j L *U ^al^ail Ajl^ill AUkij CjbjUa-) AjjU^Ull Aij>a]l 4 



HI n(aci ) +H 2 0 ( i) -H 3 Q (aq) +/„ f 



^ ///„ / /„ ) j-«jju 03U' 1 a.iuu (i_> 2i * 3 ’ /^UJ) ajuLuU y« ^ 
Jcliill sill J Oil!' UuLISJl .‘lCn-._. 4 



aq ) 



pH < 7 o^=» *j! >*“»' ; f HI „ ) <wm> 03! = j3^3^3 jji 2 w-JU ; JU* 

. pH > 7 o^=» '■!! ijjj' : f I n ) <u “'- t "' 03^ 

.jj»>-\o&!0^ b\* pH = 7 0^=^! 

^ HI n /If 1 ) AjjbuJJ wLub 



K. = 



[H 3 o + ]f[i;,] t 



[ HIJ , 



pH = pKj + log 



[IJr 



[HIJ, 



• ^Lu^ij ^a- 1 i jv '^= jUi ‘Uii-j ^ - uIa. i JullSJi aJs j^> 3 j J3 13 * 11 03 1 

.R.Uilt. 

[HIJ 

: J9UI1 o' au " 3' Al aj 3>!' U»U aJ>Ui J^»U ‘U-uJL* 

.P/7 > pK t +1 JUJU j.R >l()o^=^. ( l n ) o-u-if03 ) "^W < 

.pH < pK j -1 jbU Jujuj . R <— o^='j! ( HIJ o*A*i\ 03* « 

. — < R <10 J£=> U! ,00,1(13 ,>*»aJi ^$1 ^3! * 

70 . 

Jli JUJU3 



.jjlJl £ jjJl JU** ( _, « " ‘ J 3 PHj 1 < pH < PK, + 1 



^Ki-1 ^K1 ^Ki.1 p( , 

. 1 rH 


"1 


1 


(Hln) jia-oJ-l jj 


jjjl ^ui-JI JUrs-o | < ln ’> 



iuJu-pH -to ® -4-5 

.Ajj^ - pH Jl a ^aUli ^yuuj JcliuJi a^i^jj .a^jUlU ^UU Jc.Uu l=r *-o < 
j 03U«^1J (C ) J3I1 j^^J'3 1 ( n ) oaUi a^£= ^aaU J! a^jUli ◄ 

. (Titre) a jjUIi 31 (Titrant) a^jUii (^.u.i 

^ ,ji .. j j~.,..l l iaJjjiilJ ^Uu-ai*J ^jlall Jtliullj ^jl*ll j£.liii' .yalSjJ' ' 1 c ^ 






5 



tfiUfcA Jyu 






JtUu tUil 3 I *&>r> Ljj L <«‘ ^ = » ->>* J^=» 3* c * 1 "* 31 

.QjjjjJl IJJb . hn'l^j 3A ^Luiflj 



r Jcliai ^ • 

^.equation 

,f»lj Jt LaUli . T f = 1 00% o^=> ' -i! * 
.^lj _^c ^JcUuJlji . X j < / o^= 'j! * 

q Jc- lilll jmi£ 

aA + Bb - cC + c/£> = JcUili 




\ Je- Lilli 




. ^uiUll ob»j^l j - }j)'r>~»~i Qr ^ ^ 0^= 

^ j-^ Ull ob«j^l j j^lrw'i aIasJI Q r > A' >j! * 
•oj'^j <^L>- ^5 iL*=Jt 0 r = A o^® >j! * 







.(4 JS^Ji) a —f ( V ) i^-“j3 .AjlaLili Aiu^lo 










li-i r, 




pH -5' 

[H } O 7 = 10" H = ^3 pH = -log [ Hj O' ] 

pH -51 




( HA / A ) *) 4*iU!ill pk a j A u 



- in-P k - 



k = 10 



pk a = -log k a 



k = 



[ H jO(a„,J/f A ta q) ]/ 



pk u 3 pH o*i *fcW» 




C a v a =c b v b 



Aj yjk - pH -11 S 

E ^JalSLUi 






'V 



in 








: J JtUill /i /3 

CH 3 cooH (aq) + soi; aq) = CH i coo ; mi) + HSo; (aq) 

// + aii CH 3 COOH (aq) ->>* o* u-U/ u ^ m /* 

CH 3 COOH (aq) -» H* aq) + CH } COO (iiq) , cp! & 

.^U o-i! 54a J 3S^J> OPijJ' ‘ SO] (aq) ^WaoSJ' j>JI ui 

H (a q) +S0 ^a q ) HS0 4 (aq ) 

2 (jijoJJI 

.^UJt J 3 J 0 J 1 but 



jdWo-L-'i 


jil >»li o-U-Vl 


fjAAalS 


C 2 H 5 COOH (aq) / ... 


... 


C 2 H,COOH (a4) 


~Ho; aq) 




... 


... 


... 


NH; (aq) 


co 2 .h 2 o/... 


... 


co 2 ,h 2 o 


... 


h 2 o 


JaJI 


ijinln 


(_jii jaII (^.LuiSfl 


. (jA.-kit 




C 2 H 5 C0 2(aq) 


C 2 H 5 COOH (aq) 


H 2 Q 1 ) / HO (aq) 


HO' (aq) 


h 2 o 0) 


NH: (aq) /NH 3(aq) 


™ 3(aq) 


m ( «,> 


C0 2 ,H 2 0/ HCO] (aq) 


HCO- (aq) 


co 2 . // 2 0 




h 2 o 0) 





3 (jijflill 

. JJluL>-! jjj \j‘“ "*5 3 ^ ‘A-JLiJt 

Cu^, +2HO (aq) =Cu(OH) 2(s) /i 

CH 3 NH 2(aq) +CH 3 C0 2 H (aq) = CH 3 NH 3(aq) + CH 3 C0 2(aq) /^ 
CH 3 C0 2 H (aq) +CH 3 OH (aq) = CH 3 C0 2 CH 3(aq) + H 2 0 ( | ( /£. 



irmr^v ( h" 0 / - cv p°) i^n" 0 it'’ isf* 



-0 oJja> ojoV> 03)Vaj 



//cm 



(aq) 



CN. 



*NH* (all) *HS 0 4 laqt >HCN (III)) .CH ,COO (aq , aJLUi cjw t>* 

■ nh uw . cn;„, . CH, COOH . sol -, m > 

. I 4 I 4 JSJ 4 j M i*i)i ijjial 4oiiluil (j<cxg>» jJSJ JJl>. / 1 

.I 4 JL 0 3 ^ 4 j flirt iJl aJjLxII >. < >i /2 

. C // 3 COOH (aq) £» SO ^ jcUu /3 

.^Lu^SJl Af>-L.l4 ill aJjLtII i.ai *— >1 /I 

9 ^uLuil/ g*>* 3^^*^ 3^ 3i K^ ' ^ 1^11 A—* 

Jail 

( k jJaL^>-/ L3 -LiLui) cUJLlIIi j ^^iSt^Al ,. Vj . \~*~i / 1 



//S<9 



(aq) 



4(oq> 



so;; aq) 



CH } COOH (aq) 



CH } COO (oqi 



NK", 



NH 



}(aq) 



3 

^ > 

■ji 

J 

1 

~> 

.1 

'i 

jH 



o 



HCN (oq) /CNf aq) 



nso 4(aq) / so]; aq) 



CH s COOH, aq) / 
CH } COO' laq) 



NH: (aq) /NH }(a q, 



J 

j> 

7? 



r n , , 1 dJjLii'i • 1 ~ — /2 

HCN^H^+CN^, 

hso- 4< ^ = h^ i+ so-^, 

CH,COOH lm , = + CH,COO;„, 

nh^^h^+nh,,.,, 



5 ®j^Sj>!E t&D_pgJW*lI 




pH = - Log [HP ^,7 • oV» [ H 3 0; aq) ] = 1.5x10 3 mol. L 1 o^ *! • 
pH = 2.82 =0^1 ‘ pH = —Log 1,5x10 3 , 

IO 14 

[ HO 7 , / = 

/ MtJ [H p+] 

JO 14 

[HO; aq) ]=6,7xlO l2 mol.L- . [HO (aq) ] = ' & 

l*^ J 3 JL 3 JI jjg i(*jlo)I AjjttjJ Axuiillj ill t*v A 3 



pH 


2,0 


2,82 


4,5 


12 


[H 3 0; aq) ](mol.L-') 


10~ 2 


1,5x1 O' 3 


3,16 x 10~ 5 


io - 2 


[HO; aq) J(mol.L-‘) 


10~ 2 


6,7x10 ,2 


3,16x10-'° 


io- 2 



5 

0 ^= ^ .( Atf/^, + C/- a ^ ) j**H*.tt ^ J3UI pH = 5 . 1 , 

C = 1,0x10' mol. L 1 

\".ii \ 3 j 1 ■ hi. I n d / l 

5 A/// i( , a<?; £$ili o^ J3*> 

.till (*3^134^1 ojjUi (JtUu aJ-jIjl* i-» Vt= >I /3 

. J^ljuJl j»JUlj JjOa- /4 

.siii a_»K-> JcUuj v o' iw /5 

JfUill a_.ttg-.li JObJl j ^jjjill y yflJ t ^^ll ^u^»jJl /6 



JaJI 

Vl.i. l 3 Jj . . l.. ^> - ^J^AsOl -OJ jJJ / 1 

tSJJl 34 y j£.lij sLjl 3! /7 ‘ U3J33J ijjl -1>S J^a 3* ,jiaA 3 «J' 

IJlA .-, nu~ * S Lj 



.^Ui 3 ^ AW*.,, /2 



NH* (aq) + H 2 0 (l) = NH }(aq) + H 3 Of aq) . sili £* ojjU J^uli abu* /3 



_>o bJjOr )9&x> ojoV> <yj)Wj 



HCI (I1 + NH 1I>u =NH;,„, + a„, /■> 



4(aq) 



Vq) 



C.H^O.H.^, + H,O m -C t H,CO^ + H ,Q^, /a 

Jail 

.suluii£=l 3! H Qfijjj JLia AjlS (*jj j«J Ajjf .^luil/^jsMa. J^Uu ^yujJ : i ,Jc.ULiJl • 

. ^..l..,l 3A CH jNH 2 (aq) ^laajSJl £jjJ>0^ ‘ L >«b“i/(_)saa=>- 5 * 1 '-r 1 Jclijjl • 

34a CH 3 C 0 2 H (aq) s y b « />n ^jaJi ui . CH } NH 3(aq) £>Ji J! J3s«ia H 

. CH 3 C 0 2(aq) ^LlajSJi J^iJitJ! 29^3 H 

!»«! jll j) ^ .| ,..-s^| // J 3 J 3 JJ JulS <UjS (COJ |*J Aj j/ . L ^uLul/ l _)SX4>- (JcUu : £ Jtliijl • 

.( 3 JUM i ^cliu 

^ ....-,<^1 A ^// 3 i 3 // jis HCl (aq) o'X >1 J^lij : J ijcloi!! • 
SIII3 .j jsu> 34)9 1 H U3333J Ji 3 C 6 H 5 C 0 2(aq) .^Ut/^Aaa- J^loi 3A : -A JcUuJl • 

.^lAiill J 3JS ■ ^ 1 *1 I Ifli .^13^3^ 1-iUU^I H .O 



pH 

[ Hj 0 4 {aq)]( mol .L~‘ ) 
[HO; aq) ](mol.L-‘) 



. 25 V 
2,0 



4 (jJjoJJI 

(Join'll V-> -3 Sjl_^>- o' j ' . l lf W ‘ JljJl J3-Ia»j' ib>l 

<5 

7 ( 5x70 J 



70‘ 2 

cJaJI 

K~[ H PI a q ) ][ H 0< aq ) ] ■■ k e sUU ^ JjUJl sUsOl l >s*J 

k e = 10-' 4 oli 25°c A^jjJi jLic 3 
[ H )0<aq)] ~ 1 0 pH 3 P H = -Log[H 3 0; aq) ]o'u^ 
[ H 3 °* aq j ] = 7 0~ 2 mol. L‘ : oia pH=2,0 ^ $ • 
: . It« jq .sUl! i^JjLUl cULsOl l J« i*h .. ‘ i [ HO (aq) ] ll .. . l 

[HO; ] = — — = ^-y = 10 12 

,CK » J [H 3 o; aq) ] 10- 2 

[HO; aq) ] = 10- l2 moI.L-' 



^='- 4 -aV' / j j' >aj *Ua^ *UaLi oiJ^ 5 t&DpgJkMl 




-> aJ C 6 H 8 0 6 3* C j>»uuio! 

^5b»4 jai j t tU 200mL <u J C j^Ujus ^ m - 0, 35 g «gjo^» t>»^ o! 

.pH = 3,0^^ 

. t~ ... 'i t . .... -w »■ A jjju I ric i / 1 

? C„ H 7 O ft «*u /2 

■ sill £4 JXujfSLuli/l Jd4> Jclilj <OjI»A - . » ' « *"•> ! /3 
. r Jr la"l l ^ 'Vi a ■-* OjLiX. Ir fc C l /i/4 

9 ^JLuuuj IjLo l/illl Q^J r f j». ifllll >~ r uu^‘\ /v_J 

.C 6 H /l 0 6 i3^'4’ 3^ C 6 H 7 0 6 /2 ._,, 

■c,h,0, iv ,+h ! 0„ ) =c,h,o;,„ +h,o,*,, '3 *»“ 

•/i .4 . 



r = 



r, =4L (- = 10% /+ 



.11,1 * J pH a-*j33 C = 0,1 Omol.L 1 jj NH }(aq) 5/ v 

.till £4 jjUi-Jl JcUj AbLj-a uu£ 
.till £4 Axl^= Jx.Uljj 'i jjLutxJl ij C 
.(jjUa.^Jl Oj'i^ 1 A ^ £ - Qr.cq >“*^’ "r^ 

a i M ■ '/ H k A ~&±a$A3^\ Ojb < n > 

. 25°C a^jjJi juc k e = 10 ' 4 9 NH + 4(aq) / NH i(aq } o^/^U JuiUiJi 

■£U=f <* 

k a 



till £4 jjUijJl Jx.Ui aJjUlx / 1 

HH J(aq) + H 2 0 (l) — NH 4(aq) + HO laq) 

,<j ^43 .j»Jiflili ,Lyi*jj >tlli £-* *i^= = ^ o* /2 

NH }(aq) + H 2 0 (l) - NH 4(aq) + HO laq) 




7 (jijaiJI 



9 >0 aU> )<&u ojoV> 



^ .‘.l, t~. .Vi <Oball 
A j’ll^ jit Ajbjl 




™; (aq) + 


h 2 o (I) = 


j»JU0lJl J3"A?- /4 


n 0 = JA»“ 


oaLJj 


0 wo/ 0 mol 


n 0 -X f 


5jU>j 


Xf Xf 



till £4 A > J^Ulij ^ f 3^133 X 1 C)! /5 

x f 

T f = LjjjJ . JtliuD ^yil^l f jjuJl A ll. I j jJAJLJ 

X max 

X max = n„=CV ^ -. cSJ 
Xj = w w 0 , = [H } 0 ] xV Jjbi4 : o' u^» 

[H 3 0 + ] = I0~ 5J =7,9x10 6 mol. L 1 [H i O + ] = 10~ pH 

[H 3 0 + ].V^ 



T / = - 



cv 



t 4 






5 , [H.O + ] 7 , 9 xl 0~ 6 

r,= 7 . 9 *W’« l , t/ .L^.--— 

.Ulj o^SLj ol ^3 ' i i. i i 1 0 till j- 4 (*3^3 ^^' iJ^Iaj o't^? '^3 

Jr la'll AjLjlgjJI AJbJl J ^AStaJl J3II wjui^aytll /6 

[Nir 4 ]^\^ 

1MH ., n„-x, CV ja .-[H,0-].V^ 



'mol/L 



jji- v j>i- 

[NH;] = 10 'mol.L-' o^! [NH;] = 10 ' -7,9.10^ « lO 'i 

[ H p' ] 3 [NH J w>L*>- 
[NH,]-[H 3 O + ] = -10 pH =10 51 =7,9.10 h mol.L' 1 

/C/ / wjii*^- 

.iJ3^>-3^ l^ii .AlUa jyC. Jjl3*i .j»ailll J3A?- J ^3 • JtUuJl j Cl Ja^uj j«J Liji 

C V 

[cl ] = — - — = - c = 10 1 mol.L 1 : ,_jlj u^> >j ■ „.nn-* j 3 

[Cl' ] = 10 'mol. L' 






V 






j ^laU^VI / o j'j^' (aUpglkMl 





um% obb > V \ / d )\ vl \ oJ '> *_>) blx » a »\> o))Vw 



Qr.eq = 



x. x f x , , 

-L*-L (-L ) 2 

V V V 



n 0 X j n 0 X j 



■ Qr.cq $ 0*9^ 



Xf = TfCV 4 X f =r f x X max JUJb 3 



2/~>2 



Qr,eq = 



ric 



. -_ L £ 



t.’C 



C(l-T f ) 1 -T, 



CP ! = 



Q r *.-U‘*to 



(1,3 xJO ) 

^ 9,87x10 re " 1-1,3x10 - 2 

Nil j f t / ,V/ / bjjLiiU A' ! 4xcs^a»Jl OjUi /4 




* CV -TfCV 



V 

1 ,69 xJ0 ~ 4 xO ,1 



k A = 



(aq 

w -».i x n oZ^L 

K 

*/ 



/tv//; a, 



„ CV-x ( CV 

10 - pH (- — / ; ;_ r 
k A =10- pH (—-l) , k A = = 1 0 -n" ( -—L) 



l f 



k A = 6,03xl0~ w tA ^ 3 k A = 10 " J ( J —^r~l) 



1 



1,3x10 



Qr.d - ~T~ O'oLhP /5 

k a 

Q = ^ ,V// ^ "> ; H H0 ‘“! ^L- 0 \fd*j 

[HH 3(aq> ] tq ^ 

[ HjO^ ] eq g la^uJl iljUil abA g k e 3 k A ^ 

[NH; (aq) ] eq [HO aq ] eq [Hp: q ] cq 

[w 3 (aq) ] eq [H 3 o: q ] eq 



Qr.eq 



[NH: (aq) ] eq 






—[HO aq ] eq [H 3 o: q ] eq 



NH 3(aq) + H 2 0 ( 



(i) 

ajbj-l 

tjUjj 



NH^aq) + HO ( aq) 
Omol Omol 

X, X, 



r,-3L. 



Xfj X mux 



A' = « 0 = CK u,jJ 

mar 0 



k = [ H p* ][ HO ] cUU cUlJi o-* HO' CP* x f ui 

l , n-!4 



k, W 

[H ° ] ~ [H } 0 + ]~ 10- pH 



_ IQ-I 4 +P" 



[HO ] =10' 14 *"'' ; [HO' ] = 10- 2 - 9 moir‘ 



[ HO] = l,3x 10 s mol. L 1 

x f 

.y 3tf? ^Aa^3*>aUJij3b-(««» v [HO J 

l H0] r ^ r s i L= P') > ' . l ^ v, = [HO-]xV .o4 

■ c , • ' ex ' ■ 



r, —1,3x10 " = 7,3% 



r / = 



1, 3 x IQ 3 

0,1 



■■ 



, e m j 2ui^= Jcua* H j Jos sw-i * A ^ 

0 r ( , i( oj'5^' J" 1 ^ 0 

„ [NHIUHO ]", t , . 
O = 



a„ = 



Kl H0 IfL t Xt} [ H, 0 ] = / Jill UJ.l*.i4y^i «Ui oSl 









A" ^ 

/■ tv//; ] eq =-J - 9 l ho Jeq =y~^ ^ ^ 

n 0 -X f CV-Xf 
/TV//, ] e q= JL v - L =—xr- 



<Lo. Jjku Juju: 






X f =n„ a = 3 x 10 ^ mol 



i ^ c .TU j'. '.'I ji.A 4jjU i#^o Jjll ji-lsJt > n <h , O l 

. CH.COOH 
X r tULaj-oi' 

4 X f =C a V a o* CV a -X f =() ^ 

Tf «uji 

Q, >■() Oj' 5^' ‘iiC JtUjJl J U I ^T. A 

[CH s COO^] iq 

^ [CH i COOH (aq) ][HO; aq) ], q 

k e 3 k A ^ [ H 3 0 [ aq ) ]. q p juSi I Q «1 

1 



_ [CH } coo; aq) ] cq x[Hp; aq) ] cq 

z^r.eq 



[CH,COOH ,„,,][ HO^,] iq [ 






Pk. 



„ , i k A 10 

^ reQ A k e k e IQ - 14 



a^jopjusprj oil Pk,~4.7s^^ 



.eq 
-4.75 



JujC jujlt pH AaoJ / 5 

, / HO ~ 7 oib joi 3 * [ H, 0 + 7 ,_l»j 1 -jJ /?// = -Log 7 # 7 o' 

W =C h V h ~X / ^ oj'**" OJk HO J ojUI Uj.aJ J 3 .a?- 
n C h V h - x , 

[H 0 ] = — = L ^ HO ^to 

Vj^kji Xi + %> 



[ HO ] « l, 18 x 10~ 2 mol.L~' [ HO ] = 



5 xl 0~ 4 - 3 x 1 O ' 5 



Ji f*-ii 



^io+zo;/©" 3 

^JjLuJl fc Lfo ll /” H $0 ] *— 



-M 



[H } 0 + ] = 



* — = — — = 8 , 5 xlO- ,} mol.L‘ 

[HO] 1 . 18 xl 0~ 2 

pH = 12 \ oil pH = -Logf H , 0 * 7 = ~Log 8 , 5 x 10 ~ n 



S_>o o!a> )^sjj ojoV> o3)Uj 







[ HH 4(aq) ] eq 



1 



Q =i- 
^ ' e? /• 
K A 



[XH }<aq) ] eq [H s O: q l" k A ' 
o4 

8 (jijojJI 



ST a«Jl J$ll + //O ru?; ) ijiU 

i _ 7 Lc. j~— ■ j ■■■ ' ' j auSjhj 3 — / OtnL l«» <Oj» jL>-lj 1 C„ — 5 , 0 x 1 0 ~ mol .L 
J 5 I 1 CH 3 COOH ( aq crj 1 - 4 Cr* K, = 30 mL 

.<0 pH AM^ < jMjij 3 C Q = l,Ox 10 mol.L 

.OaJbOl ^Lui/ jii*> J <• I <1 ~ I ' <>.-»•, > a iU iOjlail . . / 1 

.l»l3 djUicb ^UajSLII J33«i!l 'JlgJ (> V a ' i l l J 3 0>- laci /2 
.JclajJl 4a_*^ "< < 1 < n' 3 * JL^il J Jl>- /3 

.( eq ) OJl£. j ...*— > . _ iiii > -I /4 

1 Uk. jOUll juj-ail pH A*ji . i » i -> -l /5 

• Pifc, = /4 . PkJ CH 3 COOH aq / CH 3 COO[ iq ) = 4,75 



JaJI 

^oLiii/ r l a ~ 1 1 d_>. Jta-i-l' / 1 

CH,COOH, m , + r w a ; w , + HO ; = CH,COO; nl + Na^, + H y O llf 

l»JauJl Jj-A?- /2 

j» . la'l l J 3 JL>- j I.AA 3 idjbLa j lAjl4lb! ^>Skj IjJ .Alka jyL OJjl*i 

CH,COOH, nt + HO; m> = CH,COO^, + H,O in 



dJbtJl 

4 uuIJLjlj^I 



x = o 

X, 



v V 



" 0a =CX 



C..V-X, 



n 0h — Cpb 
C„V b -X f 



Omol »aW>j 

X, OAbjj 

JOfclLl ^c.liuil JjJljO / 3 



n„ a = 3 x 10 f mol 



n 0h — 5 x 10 4 mol 



. d-J^Lai 3 A <\-l $ -S _i Aia i .,! ' 21)^L4 \jl11 ^ n ah 3 w «u OW Ojkj 

CP! n 0a = cy, - 10 f X 30 x 10 -' LyjJ 

cp! « oa = QK a = 5 x 10 - 2 x 10 x 10 j o' U^> 



J / oJ'>l' ^^4. _pJ Alaa, Jjiali Ji; 1 -" 5 S ftjufBjjll (jSjjpgJkMl 










A,H _i a) jji j j l£XJi jj-i-uj ifl 

PA: /( , + / = 4 0 j! PA.,, = 3, Of) LujJ 
.,_JUJ| A~, QjS . J /;// Jl (aJluj J pH > 4 A* 4 aJl ^ slJUul 

3* ( AH ) u jj<-> pH jl (aX* $ 2 AayiJl yi*ai (Aai sl-Ujli PA^ —1 = 2 

.yJUJl 



// 



I — I- 



(aql 

2 3 4. 

\ 1 1 - 



t-Jlc. ~l , 



) — I — 



i — i — r .t 




^A,nj£ Ar ‘ , 



<-41* A 






P- 4 - 1 1 - 



I 

pL, ~ l 



H-P 1 — i l- 



-l 1 l- 



J^lSJi lr>Wvi«li 



pH 



P k A, +1 



t \W r. A 

^ A 1 H (aq) pk A ,+l 



.Uic A 2(aq , 3 Ulc A; (aq) o& pH =5,00^ uij^/2 



10 (JijaKJI 

I JeaJU . AW, jjLuJjl CH jCICOOH ( aq ) JJb^jUji/l J^l^= £>*-> 

. pk Ai ( CH 2 CICOOH (aq) / CH,ClCOO; aq) ) = 2.9 
pk A] (NH: (aq) /NH 3(aq) ) = 9.2 

i aJUJi iijtjLuJl Mai 
j£.Ui!l <O^Ua /! 

.£ j\uu k ^LmoSJI ojl^jJ' — A-J 

J*UuJl /£ 

o* r / 2Urfi /J 

CH .CICOOH (aq) + AW ifo? , = CH 2 ClCOO; aq) + AW; a „. . J*uoJ. abu- /l 
. CH .CICOOH ^yaa a iJl H . , nn'iS’. i A ,_>*l*J jJJ > >» l j HH 3 q\ 



>0 oJua> )<*&> ojoV> oj)Viw 



9 fjijfljJI 

C # H s 0 6 4loj y>C. ftjU£. 3 A 3 C ^ (_>a jJ cla Aj ^ J — 

IjA. \£ jjl y)Jj>u/ifl l U3J& V fl .nri'l j A t H 

. A 2 H o jaj C 6 H 4 OHCOOH -‘i » Vi 

. pH = 5,00 5 GUij 3 Ls.il pH ^\ju 
pk Al ( A 2 H (aq) / A 2(aq) ) = 3,00 1 pk A/ ( A/Hf^j / A l(aq) ) = 4,05 i,jaxi 

. JLjJl lr>l->T«ll Mai / 1 




$ <ujlx)l Afl^ll ^jlj A_i iljaAll ^l^jifl la . pH = 5,00 Jj£. /2 



JaJI 

9 >Sli 

.AjJlili Ajx-tli aJ AH (J( |j ,jii»3«Ji 03^9 p// < PA^ — 1 J9»i ' IS 

• iujlijl AiuaJl aJ tSjJI 3& A ( ' aq) (^iljIl^Lu^li pH>Pk A +l JUlljUi 
A, jiiyli Au/Ui3 A,H (aq) q> j )C (i H k 0 6 

.JuJUJi AAuaJi aJ A Uaq) o&> pH > 5,05 juii j, 0 j!.Pk Ai + 1 = 4,05 + 1 = 5,05 =LujJ 



i. lllf- A J f i ill r. A 

‘ !%3 4P"^L ' ‘ 



-I — I — — I- 



\ — I — k 



I I I l=t- 



pH 

— ► 



pk A +l = 5,05 

Pk A - 1 = 4,05- 1 = 3,05 LujlJ 
.yjJUJl yk ( A,H ) aq ^ y-i a -4 l pH < 3,05 Jl?«ll 



^uaLa^VI / AjL^ _ 5 ^J AXo. jjial i A^alX jjjlaj g 5 



(pH E )a = 



: LujJ ^alSLili 

(pH E K= 

3* A,H (aq) L> a* 3 Jl /3 

A 2 H (aq) 

. pH = o4 1 ^ 3 *" o^* 3 *" A 

. Cy = 1 4 JU 9 C = ol s 111111 

Q^a Qjjiu ' fl .n i rt ll |_>a« nl' Pk A ~&A4&/5 

. Pk A — A.~ i » j3 o' g V »*M* i 3 

JaJI 

. cVJL< ^ *■■ Pi A,H (aq) /I 

.till j Lu^T** d\JUL4 » (X }*U~ > {J^>- *&<«> 

,"iI...IaI1 jilSoll , lifc pH f JlO^Aj/2 

(P H F.)b= 9 ‘ (P H eL= 7 ‘bjaljilSJlOiC 





pH 


pH 


/4 


14 




/2 


/2 


^ <—“ ==r ~ 


79 


■ ® 10 


^T7 


# 


8 




6 


iT 6 - 




4 


Jb-^- 


■ 


2 


V(mL) 2 


V(mL) 


9 


10 20 30 0 


10 20 30 



jno i^jljLa JUC. Aji ^ 1 t ') 3 .O }-3 ja o Aiif . O (JoOdl 3A /!,//,„, y o^*^ 1 l? 13 *** /3 

. pH E = 7 05SU J^Lxa JJU lias JbJl 3A U*— > ^LuL 

ja4> a_yjljt4 JLiC Ail (aJlsuj ^ a_iti^ Ai if . 6 pm -ill 3A /!_, H ( flq y o 

. pH E = 9 Ajja IjJl>- 3 t5>AJ' A J'~» il l j JbJl 3A U^-> . pH E > 7 03^J 4^3^ 1 a. i tO) 

pH — —Log C o4 _) . *« " < j lS^aJ* /4 
C, = 10' 2 mol.L~‘ , j^ax 4 3 C = 10' pH ^ .o'eii-a 



9 >0 oJd&> )<J&X) 0 )(qV> 6X3)W) 



k =Qr, q - 

s 

[W: (aq) ]e q 

[HH }(aq) ] ai [H 3 o; oq) ] eq 



tj-tlj-g jSJi jl JjuLj /u 

[NH:,„,]JCH 1 clCOO;„ i ]„ 

[NH^.lJCHflOOH,^, 

Ju«j ^lill3 Irtm i l l £ [ H jO ] ^ k_l J -Ally 

[CH,cicoo;^]jH,o^, L 

[• CHCICOOH (m l m 
I 



[_ cz/jc/coo^^y^/z/jQ^j , t [ »»«*,]„ 

[ CHclCOOH ,„7, 



LujJ 






k = 2x!0 6 


, 10~ 29 


y. ** Hr*' 


o4 Ar - ^_ 9 2 ■ ^ii ^ 3 ^ 4 


k A 10~ pkA! 





* A: = — A:. o4 
A. ' 



. k > ]() 4 o ^ JtUuJi /£ 

.T, ~ 1 O'i! f'j AjJi o' 'aj i Ty Aa yfl /J 



1 1 (jJjolJI 

A, H laq) ju jub ^ 5 2 J 3 U 4 . C =1 O^m ol .t A,H faq) ti 3 4 

I 0J&- Sl^> 0 ^ 3 !^' O^ V (AS»sJl (_>iiAj yjUj «UJv» — pH Jl O^jUlU . C 2 = C , 



i Q 1 jin ill (Jinni3 »Cg — 1,0x10 ITlI.L bjai—i jj J^uall 




ftl i T » - fl j l i ^> ^2 77 (a q ) 

. ^SlSOJl .lif pH £ Jl Oi^i /2 



jiuiVlj g cSj pgJWfflfll 






^^UuJl Aj-ilxa / 1 



• ( H Plaq ) + Cl(aq ) ) 3 * J5^=» 

.NH 3(aq) $a> J$i»* 

(Hp; aq) + Ci; aq) ) + NH 3(aq) = NH+", + H 2 0 (aq) + Cl^, 

.iOjlali ^ Ujl^la! j» 0 £. LJ 35 ^ ijJ jvC. ojjLi ^ Cl (aq) o'^H : 

H Pu,q ) + NH 3( aq ) = NH* (aq ) + HP (I) : Oja?* ^ 

J c l a "i II k ^yj'j ai^ll ^ jl jjjl LlLlb wlLoJ- / 2 

l H PJ eq -l &-“3 * ~T\m 7 v A W n + 7 

/ ”■ " i7 017 ) J eq * / ** P( aq ) J eq 

[M; ( aq,Lq _ 1 
[NH 3(aq) ]JH 3 0; aq) ] eq k A/ 



k = 10 VJ = 1,58x10' 



: JLstiS >b aaj Al — 

it 



/ 



/o 






; * = /0 



J’ki, 



l«Aj . E idaii jJJjjlj /3 

pH E iV E 

j ^lAja jJs l«i= JjLuLoll Aiu^ia JUjlIujLi 

: Jb«j iJjUlll ls JSLuJI 

E( pH E =5.6 ; V £ = 18mL) 
j*j jciiuJi o' pH £ < 7 l»-i A 

■ ■ fljluS ^y/Lu'J ^3 ^ jiw> 

4_Jlx)t £Ua*a)l Jjlj ^ojLl4u 531 H i'l /5 
<du*aJl oV* pH < Pk A — I 'j! Ail («d*j • 
, 3^1 jii <ukLu.^ v AH f aq ) ajia ! 1 

• AH (aq) / A (aq) t UjUill <>« . ^ a(? ; 

. A~ , J o& aJUJi 2 >fl,riH oVi pH > Pk A + 1 d^=> W ui • 
■[ AH (aq) ] = [ A~ (aq) ] o$£j pH = Pk A Sj iUjJta]b-£$ 
HH 4(aq) / H H ^ aq ^ <L&j\judJ Aiu^Ji pH = 2 <ui>> 3 • 





■ «■-»< * * . * ^“^>' 1 |_>a< j«JLl Pk A 2toa3 / 5 

20 

a JlA j «■•■■ I ■» ' -c a iVc- = — — 1 OmL V kilSuJl 

‘A 2 - E '/, r 

. Pk A = 6 (jl Jb«j (Jjlill 3 Jib U.^-1 a gjfljl 



12 (jJjoUl 

HH 3(aq) J^Ud Fg = /OfflL 

b 'jq^aj j Alauil^J AjjjLagj j»3»i ‘ J.Wr** C fl 

.jlji p// = f (V A ) ftjjUii ^og-u ole. Ji m » i '< i C A =10 mol .L 

PH 
12 
10 
8 
6 
4 
2 

0 4 8 12 16 20 24 28 V A (mL) 

*j^'i AJjlxg i . t *- — > ' / 1 

■ 1 ,r w lc 1 “i 1 ' A iluldJt » l m> -t /2 

au.'i jLic P/Zg 3 F £ UjUj /3 

, rt i i I>1 (Jjl > L-j A 

i pH =5,2 I pH = 2 * O^bJl J AjJliJl iiUiall >ljlj tUjUg.i SH t IJT* u/5 

9 pH = 9,2 

Sul4i o'V-ull Pk A <Ua3 ^ laiUj JL^ali /6 

Pk A! (H 3 O; aq) /Hp) = 0 . Pk Ai (NH; (aq) /NH 3(aq) ) = 9,2 ,obUi 
Pk A ,(H 2 0 / HO~ (aq )) = 14 




^uJi\ j / Jj' jaJ' Albk jaJ Ai*a jjlaij JJjUi 5 cSDjJJstMl 




• j» Jijjl JjJl*- lymJ /5 

. t \c (j , a ,l«l il l ojLlC gi _ 3 ^c /6 

.( K fl£ . , <j e ) ^aisLJi a ir> a i ia-i UjUj jo^. /7 

■ ( _,crt 4 -*jt J 3 U . 4 I I C ^ j . l 4 — > > 3 l ' , im-> -l /8 

. < 7 , A * «A> i a y ftjliAJ i-il 1 > 1 iiILj /9 



Jail 

OjjUJl ^£.UuJl S0jLx4 / 1 

HCOOH (aq) +(Na; aq) +HO^ ) ) = HCOO; aq) +Naf a}) +H 2 0 (I) 

k oj'3^' /'/2 

. k Oj'5^' OLub $ Mi ibUll gjia <y> 43JL9- laJ Jtlijj ^1 N J ojjU 

k= l HCOO <°,)l m 

[HCOOH (al ,]^lHOi n) l„ 

[ H jO + ] -I f tallj lr-k ... i l l j »-j jmo}\ . . i -yj j k A ik A (jSJ 

[HCOOH (aq) ] eq [H.O^JIHO^,], 



OP! 



leq 



[H 3 0; all ][ HO^>]„ k Ai 



AJLaj 



[hcoo^]^h j o^ 1 i 3 __ 



[HCOOH (aq) ] eq 



= k 



-4, 



- —Pk , 



k =10 IOJ = 1,6 xio 



10 



■. o j! k = 



- 1 ^- — A ^__jQ<Pk A} -Pk 4l ) = jqI 4 - 3.8 



k A , 10~ PkA! 



k J^UiJnjLA /^j 



Ll 3 4 old\Jjl jl^>- ^SLoj Jjl £G 1 ^ ^ <ulaLJLj o ^ c-Loj ^ / 3 

. (7 4,i, r ^l)l i JLJL13 » G l^LxiSlj <Uji 

(7 Ao£. A jlLsLJI DjLlC. /4 

(J 1 = vl, [ X j ] 1 0 * 3 J^ 3 ^=* lJ 4 i" u u - > 

a =^ HCOO [ HCOO '] +X Na[ Na ^ +X Ho [ H °^ 'O* 



9 >0 aU> )^i3j ojoV> gwiVaj 




suuji su^ii pH < Pk A - 1 Auu>) Pk A - 1 = 8.2 OJ! Pk A -] = 9,2-1 

* NH 4(acl } 

•51i pH = 5,2 sou j • 

3 * 

/6 



f^: (aq ,]>[NH 3(av) ] 
pH = 5,2 < Pk A -1 = 4,2 o' pH =5,2 sou j • 

• NHj (aq)0 ±*3^l oi^j iJUJi suualli 

7 = 7 op! . pH = Pk Ai o' pH = 9, 2 sou j . 



oM' 



n , 

t ' — — — y iflL, : i o» 



13 (j«>0lll 



C A o^=> HCOOH (aq 3 ^hjj\iA\ o^ V 4 = 10,0niL 

U>>/»-wli p< * ;li jij^i a \\ ■ ..Vl i A^ iUii j -*■ •<■! A ^ lOOmL c , hjiAi 
■ oLuJl (jlc (J Irtu S’ 1 ? Cg =1,0x10 mol.L Oj-&=>jA JUui^s^jJuiA 

a (ms/mi 
140 







..** * * 



F(mL) 



10 



15 



20 



Pk Ai (HCOOH (a1 ,/HCOO- aq> ) = 3,8 

.Pk Ai (H 2 0/HO~ aq) ) = 14 



Sj jLUl 

/l^ ms.m 2 .mol') 



35,0 



HO, 



<aq) 

19,9 



//coa 



(■«</> 



5,46 



5,01 



.Ojjlall j PajUJI |_U Lilli SOjUa ■ .«~^-»i / 1 

LilL) A ojl_jlll Ojb > i<ii~»-I /!/ 2 
9 <j£. Lilli I jA o^ J^lal PLo /«_j 

SSuialilLi 0 jjL»1i (j£.Uu LujU till /3 
.o^jLsdl cLul (7 iuc^lll i ilaLlll SjLlc Ucl /4 



V> j o^ a '- AAl ^* / 'Li*^ jjlali 'UaLi oij'-*' 5S±a.jil 






a 44 rns.ni 1 3 V 



(T 1 



B(E) 



■12 ,5 mL 




3 I -gl- C A ^} i ~~ s *r J 3, n> - / 8 




n ( HCOOH (cki) )=n( HO[ ai , ) 5*^1 ^ 

o->! C A V A = C B V B(E) 4i*3 C A V A -Xf =C B V B -X f cp! 



1,0 xlO ' x 12,5 x]0 
10 x 10 ~ 3 



C A = 



-3 



C , -1 ,25 xlO 1 mol.L 1 



14 (jijoJJI 

CH 3 COOH a =10 ,0mLu^ 

a ±j£=> jj ( Na* aq) + HO[ liq ) ) J L>*j ■ 23 ^ C A r>j ^>> j 

— - % 1 1 ^ 1 a k <uj ^4 — pH -it 4 _ i \ a c 1 1 <■» ■ (~ B 0 , 100 moi .Li 

pH =f (V B ) 




.^U '^3 jjj JjjbJl b ^jUll Jcliu Ablw . . ■ ' ■ <1 - >l / 1 

in ,--. 3J5 klL^laJ^I 0143 4 lr» fll OS 4 - /2 

. C., j . i 4-) jj Jliiiu/' / 3 

. pH =5,5 JLiC. A" y mav J^3 /4 

9 7 T I jLo 1 r f j»i tfllll 4 lull ' . Illl ^ l /5 

. CH } COOH (aq) / CH } COO[ al) P* 4 ^ /6 



1 >0 aU> oooV> cjo)Vaj 




j»jLii)l J 3 P?- /5 

HCOO (aq) +H 2 0 ( d 
Omol SjU^j 



L / 






w_0j^_3U /6 

( Tit rant) i l^jJa aJL>- ^ais^ji 

.( Titre) o^-jIjLo 

^slSLjJi .lie (7 y AjJlBLJi 3jLlc. 

HO~ a q } 3 HCOOH ( 

-X f =0 s\ n ( HCOOH (aq) ) =0mol 0 4 
C B V B -X f -0 o-i! n(HO[ lKj) ) =0mol JJJj ^»3 
a«,i.„ii n Aji lc ^ [ OH ] =0mol ^03 J! iji &3 
o -o E =^ HCOO f HCOO ] +a N( j . [ Na + ] +0 

v =V A +V B , e , i .[HCOO-]=ff- c p 
Xf =C B V B(E) 3 I Xf =C A V A(E) JJJj ^.3 

[HCOO] = CbVb(E > 

1 J V J-V 




( V B j E ) ,0 E ) 3^lSljJl &V\~a 1 (J jul ^yjboJl , V j . / 7 



o( mS/m 1 




V' j ^aL»^V' / jjl jj 31 41*3. “U^aLi. 5 ffijuffl nJTl oSjI jrJWftfll 







cioVjfc>V\ / o')Wv)\ 



„ gA =C A V A =0,115 y.10 2 =1.15 xlO 3 mol 
n 0B = C B V B = 0,100xl0' 2 =10 3 mol 



abUil 

AibfcJl 

AlbJt 

^ i 



+ HO (aq) - 



HCOOH (aq) 
n 0A =1’ 15 *l°- 3mo1 n 0 B =10~ 3 mol 



HCOO , 



(<*?> 



Omol 



1,15 x70~ 3 ~X f 



10~ 3 -X 



f A / 

X m( „ 



y =n / HO~ ) =n nR =10 3 mol 

yv max 0 \ / u D 



=10~ i mot 



JtULilJ X i f aiiJt 

•■■.•■ i \\ . HO ~ y£~ o ,-xjuu Ui» Ua 9 .QUbJi J ->*»3* 



f =f /) +f b ^ /"//o - ; = 



10~ 3 -X, 



[ H0 ~ ] =- 



70 



-/4 



70~ 3 -X f = [HO~ ](V A +V B ) * :cp! 

, .-<■, 0 1 ^su J ija jUJl sUdJi o^> Ajl (aUj3 



[Hfi + ] 

[H s O + ] =10~ 5 5 =3,2 x 10~ 6 mol. L~ ‘ >03 [H } 0 + ]=10 



[HO~] = 3,2 xlO 9 mol. L 7 cp! [ HO ] = 



-i 



10 



: * 0 jUaJl O'® A i • iii n «. ' i j>»- 

10 ~ 3 -Xf =3 ,2 *10~ 9 (10 +10) xlO~ 3 =6,4x10-" mol 



Xf =10~ 3 mol.LT , \ , jo»jAJL »3 A’y = 10 ~ 3 -6 ,4 xl0~" mol 



Xf ~X max =10~ 3 mol. L' O'^ 




yLj u^=> [ HO ] 



3,2x10 



T f =/ 



cS' Tf = 



70 



1 .'I j> jJlUI A.iin i / 5 

- J A\ 



J * — : / vr 

70 x max 

,j»U ^UajSLII o' £j-*iu±j • 
. E av-tfl j J! J*u=.$)' cr^ 3* ^ • 



= 1 OaOjS . Xf — 



UiJj 



I >0 (xlxDr )<^jj ojo V> ojjVjw 



Jail 

j£.Uj 4jjl*0 / 1 

HCOOH (af) +(Na; aq) +HO- aq) ) = HCOO ^ +1 Wa^, +H 2 0 (I) 

jjalSOJl /2 

jLafcj , £ jjSlSLiJl iUil jjju ijjlill JSLiiJb Qu3$A 5* U4-> iOiLuUll Aij jla JUjlLluU 

(V be =77,5 ml \ 

OJJ («j (JcLfljJl o'tj^y * pH £ >7 o' ^3 • E\ .. 0 L»A 3 iio»-! 

\PH e = ° j 

. OJb^jlijyt ,>143- o' AiJbC gj ilmjjl > fl . i nJi J<14> 




/3 



Ojc. ^ill o' aJL>- j JiuJl l a$j 03 ^ o 



=C«F 






Jj"— *j jilijJi 



AJjLxll jU%m) c.j aj_.C_.~,...Ii < La-gJ jnlc.Lalll CH ^COOH j HO O li! i ' 

O-i! (p 1 ■ *' • a 0 ^ 3 ^' 1 3 * ^ j i JJLxii o' 1 'r* * ' AajI j i4 _ * ^ J' 

0,100x11,5 




C A = 



; =0 ,1 1 5 mol .L 1 ■ 

pH =5,5 jot j»jLiuJi J 3 -A?- /4 
. Fg = 10 mL o 3 ^b pH =5,5 jut aji ol^J' J! b_>lai b! 

JSJ A7^ AxjlJLu^l ojlil . < «n“ » i) 



yo 



j , 



iV'j ^>sIa^V> / Oj'jSJ' J*j ‘'Aaa. jjiaoj «U<3Li ojjUj g 0 igJpg fe^D O 








oiuuV\<) cbW>V\ / o)\$\ a)i 



■ <>_l M l 4 I*> ll jj ..-'l l £ 



‘UlU j\ 

P>jJ_jA LhAjI i lC b 3-0/ j-4 Ajjl-PJl • t_». '^~i c ^ , 
■AijUjJI j^uij pjVSuij la^i / 4 / ■■_■ / , M *■ -| 4 
iJJ H 2 0 aAu 34a // ,0, Ul 
• jluijJt I43J 4 ujUJJ| j ■ . . ~^~j ; . 1 . . , ^ — . jti • 
L»3 j AjjLijJ' pj •• • 

• U ^4 JSJ AiijjiSWl 4 j ji rV.1 t iOjUll hAISJ .£J>. j\ I 3 JUu^jil JJj ^jjnlJl »U-,... ■■ ^ Ijj • 

•t^j! <M (*54J s&ill , t „.^ n , 0 i JJ d LajVt £A 



.SjUu^oi 4 j j» ^jaj ^Jjl loll 1 3 < 4 - 



lllj Vfla 1 






iW >4 J^ jj' 1 I* i l1 pjtAP^?! pill fliiVjl pjlitaUll 



^2^2(0)) + 2 H (u/) + 2 e -H 2 0 (l) +H 2 0 (I) +H 2 0 (t) 

2 1 aq = 1 2 + 2 e~ 

^<ap 

AJsa^U 

CTJ* & 1 ~ UI -e^ 1 o&! H 2 0 JUL.3 .jun^s^it 343 2<? " ...--.<u i H 2 0 2 0 1 
ULrasJ ^a^kkJ U>> ojjiiLJi pjObUlt La*?- 3J3 3* ( 1 2 ) JUJU3 7 p~ . .-„■> 4-.y 

•p>J>AiJl ^jraj p§ dUcaail JLa 1 ?-j)N «. i...<A‘Vi iOjU^ ( _ y lt 

^ Wjl3^J G iuliUJi ^ J3^| la* ^ ^ ,3 

<3 4i>.laJl jA Jjl^l J! 43LbVLi JtUiJI ^ aii-laJl H ) 3 If t ljlj.Ml 

■[ h(aq>] 3 

JcUiJl 33 ]^ c^,(H ^ 1^3 j ^ ^LumSJi J 3 ^i tjA /|/4 

■GaA 1 ^ 

t -> 3 ^ ‘ ~ ‘ ~ 1 H (aq) J/jJjlpjif p^4^jl J3>4J 414)3 I-Agj pH A*jl 3 /w) 



fJiilt J3JL5- /I/5 

: 5^ jOl AjIjlJI ^ ^J\ju 

n H ]0l =C,V, —0,1 xl0~ 2 -10~ 3 mol . 

n H ! o ! =10 ~ 3 mol 



/ 3 jLo i a < 2 . — . 

n l = [^(aq )] X ^2 ! '-‘J'JJ 



4_j>o oU> j^i3o booV> cuiVfij 



.oVc.ULUI pjjj 4 j j ^« 3 j^' ii m ^ . j.ii 1 1 ^lijLsvi Ojjlall • 

CH,COOH , , / CHjCOO^ , luiuaj /^A' , J^JLJU /6 






— 5 , 75 niL l^iliala^yJt o •* ^ lajil t Ajuu^p Pfc ^ 1 = ^ 



Pk A =4,7 



I JjLJ! ^jIj_aJ| £ ^jh l 



15 Oljom 



till K! ■ j '-^Ij'ti ^ I ( gq ) ) -* 3 j]I -ijl^jji (JaUu . 1 if wHla»Jl (jjUaj^ll J 3 t«~i 1 I pjj 

Jj>SJl Jju« f Hfaq)) u l ^ , t > ^“3 j .1 H 2 Q 2 t _y . j . ^ j o . 4-> ^l 

G! _jju^^t p>r* ^43!]! o 'jjju ^jt yu (jjjt 1 / 2 J3J1 ^Lu (Jj^ih^ G! t-5^3J * ^ 2 // + 5 ^ 



5JUj 



■ 3 J I > jJ jOJ 1 Jm>- . 2 4m ^ t 

t '°* - ' 1 4 Jjll.n 1 '< t_. n j <C 1 1 J 3 - 1 , ~i It IJPb r J lhoj 

^2^2(aq) + 2I (ai ) +2H (aq) =1 2(aq) +2H 2 Of t) 

? ^jjlai Jf ij-n taA p)l Jx. J JP 3 . ~it~r.tUr,^»\i U / 1 

■ JfcU'Jl G Jjjli.tjJI (.t..Aji/^ji) GCuPLuJl JJl>- /1/2 

. 4_uLu GSU 4-u 3 jjSJ 1 4 1 jia ill <Ojlall ■ '’Al /v_j 
9 ulU j . jj'A .iulaUJl pA 4iijli4 p>SL « j i^jjl ia i^ll J 30 * .it Ula /3 

.AjJh« —pH Jl ikjjUll (3^^° PA 4ii,iU4 LAji PjSLhj tjjli 4.A.1I J 3^«Jjt IJA /I/4 

.(JaUuJI j 3 LAL 1 AJlj 3 I pH Jl 44 J^ I'linj'l I jt IhjlS pj^j /— i 

1 <UUI jjjliit j>u JaUuJJ Aj jj«j G>xi /5 

u£=^t cUl 



O.lOmol/La^ABjjj lOmL 
0,30mol/LaGa^»>j3 lOmL 



! cA*?« 



: jl 3.JJI1I4 3JI J3J 

1 ,0 mol .L » jjA tnL 1 ^ 2 H +30^^) ) ojyvSJt 

. v . *»*>»! 9 jl^II U /^_i .j» Ji2uJt J^Jl^ ^ylul /t 



>-1 l 3 9J1 \JujJ «A_)i 



*3) 

to 

LO 

3 

*) 

•’l 

•jJ 

J 

I 



*4 

j 

72 



o 



J 



cJaJi 

• I JLA oi pjy^- J*J^3 j ^yJl Cjbfcil^cail / 1 

>JlA^ O J-* 4 ( I 2 ) jOU «-i»^JL>- 

.£_ 9 1oj Jx.ULa 11 j 3 JUJU 3 4 jOlIJI 1 JlA aLxBI^I jlSJl 



1 2 / I t H 2 @ 2 ^ ^ 2 ® / R.C d $\) '$a/jj* qIaiiUlUI /i/2 




16 tHi^ 1 



,ja eSaJi 4 C 6 H 5 COOH dL o- 20/nL J CT iuc^iJl *^i o! /I 
.g — 3,0x10 s.m 4a_iflib ■ C ^ = 1,0x10 * mol .L 

. cllLi J^bajl <0 ibu* >-u^l / 1 

,j». la'ill /2 

. <T o-* li^Uojl .ia»jUJl <tt1l.14A.il > . <<‘‘■ > ■1 / 3 

aic T j JcUjil ^LjjJl f Jbull '.'»>•* • I /4 

.A //0 , = 34,9 a 1 O' 3 s.m 2 .mol~‘ . ^ c#WjCOO - = 3,23a 10' 3 s.m 2 .mol 1 

( Ntf aql + HO (aq j ) j^t<all J^biAJ (^jltitJl tlb^jjjJl o^** - o - 20mL ijaUa-i (*>»j /II 

jjliat = g( ^ 3 pH = f(V B ) jjiW c^- ‘ C B 

dV B 



.Jjttll JSL^ 

l a£=>3 t-ijt^/Jl ^ito / 1 

0 ^jljL4 (Jcliu <Uibu> uU^sl /2 
• J^ualb klbjjjjJl 

o' OW3 1 E ^ilSuJi <tlf>ia'i jjl»- /I/3 

.1 aj*u* JJujjJuJf L y3.a. ~> - 
Lojl^tCg J^xall g~ < AtJ 

1 jilt> /^^uLuji Agjl i * t l l pKa <t4 _ t fl 
.C.HfOOH^/C.HfiOO^, 
jjiilb a^jladl »JlA si ^>-! /4 

.0 J %l*^ll . 1 ...I til ■ ji.MCIl JJl>. .AjJUII > 4.UI3SJI 0” 4 . tO^iil . Aim I j^ll JlAAXutb 

6 ,8 < pH < 8,4 3$j-Lai\ j*>-\ 1 3, / < pH <4,4 jujbi* 

.8,2 < pH < 10,0 jjJUii>Juidi t 6,0 < pH < 7,6 J3*jj> 4 3j>Ji jjj' 

S pH = f(V B ) ajuu (^iiii JOu ^a ~~~ = 8(Vb) o' t>* ‘ » - * <=» /5 

dV B 

4 Ky ~ 1 5ttlLi ticDlijJl jdXJ ^ — ■cLJu^^H dJljJl i Dulg.Lti-4 

zl 

2J1 j ^okJbA ^ aj^LuIi ^ L tdUj 4 ^3 = 20 tr}L i V 2 1 6mL 




9 >0 oJuo> ojoV> ojjVaj 




C 2 =0 ,30 mol .L ’ $a( K + + I (aq ) ) f 3***b$Jl (jl la>^ 

i**] =c 2 on ‘ i*(K; aq) +ij aq)) > ,1^=3 jil ^ / -1 ^^»><^.l'lnjl JJLill IaJJ 

n 1 ~3 alO~ } mol o-i! « r =C 2 V 2 ^5 

II djb •' ■ ^ 

rt //* = l H ( ay ) ] V j LbaJ . 

C J = 1,0 mol .L 1 $A ( 2 H +SOj la q) ) OjjtSJl L ^3.a a - jlj o' 

[ H f gq ) ] = 2C 2 o-i! ‘ 2 $A . t/=»^ll H J >4 3 Aj'm tll JJlsJI o' I- 4J3 
. 1 $A SO 4 J lS J tJj.A.itiitll JJLxli O^ / SOf( gq ) J = 1 aC 2 Lai 
4 JL 43 ^ i\* = 2 a 1 ,0 a 5 a 1 0 o^l ri j 2 • ~ 2 O 2 V 2 > . <<** •» *> 4043 

: j*. Vfl*i)l JL>- ^ylkJu 



« w , =/0 2 mol 



AljUll 


h 2 o 


2(aq) + 2I(aci) + ? H aq ~2H 2 0 (t) 


+ h(aq) 




iaiaavi AJbJi 


n t =10 J mol 


n 2 =3 xlO 3 mol 


n } =10 2 mol 


aabjo 


Omol 


AiUiii'l iObJl 


10~ 3 -2 X 


3 xl0~ 3 -2X 


10~ 2 -2X 


AJbjj 


X 




1 

u, 

1 

^ • 


3 xl0~ 3 -X f 


10~ 2 -X f 


aab^j 


X f 



Jbkl' ^C.Uill A_J 

9 j» '«~'l J3 Jl> 0-6 I ..il..A,fl . 0 mol Ajut ._■ 1^1 .JtlUjJl j b)bO /U g ' l ci i .l ^ jjl 3A 

. A , J a*jl3 jjLuai\ w i^»_' jjbJl ^jLutoSJl jjjtJi ot ■ * i~» .» 13 ft ail)' J^a_>- o^ t^bl^aJi ilb^Jl a>bl> ^lr» ii 
: ^11143 10 ~ — 2 X 1 = 0 \ it 1^3! ,as«ll (Jc-buil 3A H j oq ) o' Jlai' iJtLtt u ,jl£. bt<» jvill liU • 

=5 aJ0~ 3 mol 

x JLp*j i 3 X / () — ^ .AT j- — 0 lituij J JLadl I ( gq ) ywBI I • 

= 1,5 xl 0 - 3 mol 

10 — 2 X f =0 bjLtibjJ .Jbvll ,3c. Uuil 3A H ->0 -)j ^ ^ o' jbi' Iil3 • 

// lO 2 j ) 3& Jis«ll 3 ^bbILa . X 1 J lAbjL>*3 <V*jJ ,^*3 



=10~ 3 mol 



OsaJ <U43 



T =(// +K_, +K ? : J 3U4U JSJl («U«3»Jl V 



l 7 i^jj' w '' ' 1 ‘ ' ^'1 (j . ■ J a . yjl > ■ 

rr 7 A’, 

/ / 2 J f — ir ' t-u&j j». t ii li J3Jtf>- o- 4 



Jh]f =4x10 2 mol.L 1 =1^.13 [ 1 2 ] f - 



V 
Hr 3 



1 



(10 +10 +5 )xl 0~ 3 25 



■■ oa! 



^jilbta.Vl / oj' ja^' Jjisli i— flla. o 4 j'-* 4 5 ® 







cwvxiiVVg dioW>V\ / oj\si)\ o)\> 



= 



X f =[H } 0 + ] eq X V : «Lu>3 [ HP* ] m = -/=^ 

X f = ],58xl0' } mol A^ = 7,9xl0~ 4 x20xl0 -o^^ 
A_ = C, F, = 2 x 70 •' mol LujJ , X min — 

1,58x10 _yg x IQ- 2 as #X 70 ' , 



2xl0~ 4 

jUjjp. <? JcUuj o"^ i>* s£>?- J A 4 ' '-^3 ‘ r / ~ 

.( T f < 1 ) j»l3 JcUUl o' J-V U- 4 

ltWo?*-*'’ /^' ■ fl ' ^ 3 

C 6 H 5 COOH (aq) ^iy^\j^5^^ K = 20mL j±u $ • 

C A = 1,0x10 mol.L’ *>£=h 
. C B > lS-AJI ( + HO luq) ) J3L« A»b*uJl j • 

. I .... .Ul .ia UeaMi»« j -".‘.‘'I J Ji-lA £uaJ3 • J 1 ". *:*' 1 iS pH -!' o"'^ 4L4 JV"- 4 J-’*’"' 1 * 

™ a jUc. Ijb J=fl ^ i ^ a -xl l J3^ 1 pH ^Uu • 

5-u=u VUli J^~ ‘ « J ■■■ J : 'I J JJi-aJl 0^ (*?»■»• • gj-«“ | ~ « l | • 

~A /lAljll pH <L«J^ j«J .luOl- T r"* 4 

.I4J Aj&\£\ pH Ji^ ^1213 . Je-'o - 4 • 

<UjljL 4 /2 

C ! H 6 COOH (oq) +(Na; aq) + HO~ aq) ) = C f H 6 COO (aq) + Na^, + H 2 O m 

E y^ iC" i i 2jUkfl> ^yjui ~ v _j / i/ 3 

jb%j pH = f(V B ) ^LA.\ Juc. J U.xI^ b 

<b jJuJt ^^4"*- : .1^5 ^3 ^ja/Luiio .— fl _l * un X^M>- OJJ jJcUllJl o' 0'-ia-4 /?// £ > 7 

C fi rUJuLui /o 

oj! c, K, = C H V BfE) . 3*^’ “ U£ - 

l,0x!0~ 2 x20xl0- } 



F BE = 16mL 



pH ’ E = 8,0mL 



C V 
C B =-^± 
B V 

y B(E) 



. C B = 1, 25x1 OT 2 mol. U l . C B = 



16 x 10~ 3 



JUkj 




_>o cxk> ojoV> 6J0)W 



JaJI 

sllU *■ J'>l^j aJjIxj / 1 / I 

c,h,cooh m +h j o (I) -c,h 1 coo- 1 < 1 +h j o^ ) 

J /2 

a^UU C t H s COOH , n) + H ,o„, = c t H,coo + Jf.o,;, 

C A V A = 2 x 10 ^ mol 5 jL>, Omol Omol 

C A V,-X, »,b> X, x, 

(J l^VUajt AjfcjLJi A^LtA-xSJl ^ / 3 

HP'iaq ) 3 Q //. 5 COO~ aq , ^ ^UaoIJI 

f*l 3 J 3 ^>^13 . HO (aq) J 3?-3 ^ Plaq) t ^ 1 J 3?“3 

Jiacb _L» 1 3 I 4 HO (aq ) o^ [ HO Utq > 7 JUa! o^ Aii jxt i 0 jl« $ UA-ia-i >« 1 =J 

. H P* aql $ C 6 H 5 COO (aq) UA3 .Abbii j oshU*jSJi Aa^. j»Ui 4U34 

a, = ^ /l, 7 -X, 7 : L ^- lJ o" 3 > J 3 ^= > 03 ^^ to 4 

^ = \ w , coo - [C'HfiOO-J" + V 

X A' 

[C 6 H po ] eq = -f , Uarf '3 [ HP* 7 = , LujJ j. JJOU J 3 ^ 

[C t HpO] eq =[Hp*] eq ,oi\ 

° = [ H Pl q ]e q (t'c t H,C 00 - + X H/r> 



^A 7 - = 



(^QHjCOO- + ^H,0* ^ 



i . I 7 * 1 4 Ju 4 ^ 



[ H t ( r ]=. 



3.0x10 



1-2 



4,9 (34,9 + 3,23 )xl0 

[ H p* ] = [ C 6 HP0~] =7 ,9x10 4 mol .L~‘ , 



— = 7,9x10 ‘ mol.m ' J .^^ 3 * 1 )^ 



r, j£.UuJj j*. iia'iii iiu*j ^jLu^>- /4 

A 4 , 

o' (*l*j 



T ' = ~x. 



■ [ HP * ] eq Cr* X f <- 



j i ^ 4 4 -^ 3 '^ Oij '^ 14 50±a. ftjuffljUl 






omV\9 cjoIa>V\ / o)V> oJlsOt oooV> cw)W 



C 6 H s COOH (Uiil / C 6 H } COO u , qJ i uiLiu PA: , 

y 

l ([~ _p ■'* pH — f ( V ) oWJl ^ l^ijxj — — — 8 tnL $iSl£jJl , nirii 



Pk A ~ 4,2 



.*> ^ _t 1 ■» 1 1 a - i i ..Ull . ij V"i~i /4 

$ 1)1 Jjiill Jb*. (5 Ol ^'ina l$i« ■ ‘ | J>' 0 jjUl. (JSJ k-iiulill tjuilSJl Jiaj jJ' $A p // E ,j| 

,_j$Ul jjjkjJl Jb*» ij 3 Ol$i« 4<.Aflll 0 JA 3 pH E — 8 UjjJ 0 ^jUII OJA > O' " ' **" 

.o^bdioj^ wuuUli -aJisji $a jy.jflU 6,8 < pH < 8,4 3 A 3 



pH = f( V H ) jJljJJ aJU ^ ^ — = £/ ^ K ) o' *>* /'/5 

c/P 8 

zip//. 

- ^ AjljJl ^JL4 w 



ZlK, 



Zl/ 7 // 

zik b 



= f(V B ) :UjjJ 



l y / = V g = l5mL AiaiJLJi j pH = /(T b ; AJial] lu. ^ P, = I^mL J?J ^ ■• 

Zip// 5,7-5,/ 0,6 n . .., . . 1 

/5,5-/4 /,5 I 

. K. = /5w/ <a»Ji Jjc 0, 4mL~ 1 iu-oi!i ji-L> Ail jo»j . — ^ — = S(^b ) ;^ 

c/K„ 



Zip// 

AV, 



4 , 5 tnL : j5)«j ,ajcuLlJ' Aoj^iaJ' a 1 1 , P, — / 5 /w / - ^l^l • 



B. 



J 

*> 



-^- * 0,1 5mr' W joti = V, = 20mL J»l jj • s , 



AV„ 



t , v_i. v^~» 



. i..<l il l jl < 1 ll A ^ 1 A £_*} AjCLSI ^ji -4 4 , 4 j 

dpH 



dV B 



~ g(V g ) <0u /wj 



V BE = 16mL 



: jL 3 fcj jLuJl ' Ju 3 b j ^)-4 



1 / 

r lit /■ 



... 



y M<-A \ ■ s j-4 jz\4 > / AjuLulU I^k } ^v. j t~> ^S-oj i 



2 





^1/^J 

|J yUJI |^i C Mfe ||fj 

© .»>**)! 3 gM< 3 <^I>41 3 




*3> 

A 

to 



•J 

'j 

I 

I 

3 



.(aii jii jiaii) o^y>^ £ : <$ 2 




•05^’ ** 

: (jLujjlJ qI.a 4 — ->j->- l^_Lo Jl>»I^ J5U AjljuiJI __a 2=>I ^SJl 4 

bllLd) .. V j d jy^-uD Sjjl-i ^ s i < ~—>\ 3 SJI 4.^3 s ^3^1 
■ (bS jit cliLdl) ^yC Jlj Jiid ,J <■,. <*■—>! ^SJt cjy A : 4 _juLjJ| 

^jjLDl J j-jftJ' j . }ua-A j Aj jlUlSLuj^I Auk j JL 4 jj_4 i.l j t A jl J-*>- $ ^,-ubljj ^ £1*4 : ^ ^ a jtllr\i 

J-Lci-^l <jl J\ SJLjJLC iJ^^jOj J*SU \£}£=> jJ * )1 j&UcajJl ^jJl ( Jca^Ofcil) *»_-l>»Lo n Vj ifll 

. (^SLxj^j^SJl) jut ^jJul^JI j^HbuJLi 



. ( <&£ jli rta _ i ‘ i^]i _^)e»ji) C OPERN/CKS (|» 1543 - 14 73 ) j ■■<’_■ ' £ j 




V 0^3* 2^~~* J"* ^ 

• Aj^jlj <JjljLu_4 ^ 4m)l ^J^>* j3“^ ^ 1*~— »l M 



4 Su>jJ1 



(0 






jlj L/OjLiL» _ 1 
Ujl^i j 4^a jJtil J 

d_l 3 b»d ^ l 3 j>bl sbaisJlj 4d_uAtiiJl ^j_4 d_b . jjjliJl jj«jS -Aid .d_i Mm ’ i^I Jb .-,U *. 17.1 

■ d i m 2000 ^jjLjuiil . l9bu 1 1 1 iti< > bJJ j ^ . L4 > jyuJLi (db ( 3-*3 . , <T 1 1 • al J^[ 

■ (5 ^JjSkSLuil^ iJJxbjlxtl dgilmaj jyja. i\j isbSfl j . 

jka_m jl fa-JbjJl Jaj„. liflll JLat« j dm i^>lj .^-» 1 I j t ~' )' uJLH ji / j\_j ^ ^ 1 •■ 

—1567) o . 1 I 1 I U: j (j» / 037—970) l <_» m jj_ii Uli jjuUij ARISTOTE (^.{$322 —384) 

(i- 1955 -1879) ^ — Juij . NEWTON (j» 1 727-1 642) & GAULLE (? 1642 

.EINSTEIN 



Jl Ja_^uji ■.<« ^ ^ -v II ^^L«jJI jju _2 



^ ^_p«_Jl ^ — » j 4_l 3I ^1 1^1 4 i»l3 ‘ j‘-s* 4_luL>> ^_4 4_Ajl 13»J| C JL_) - ^ 1 ^ «Vl N lfl~i ... I 

. y>- ^yp*MLA$ f 3 ■ »*-—>' ^SJt l^jLd ^—u^J AjU ^ 5Jt rjUJl ^ycaoj w ^rl ^ 



(<AS >*ll dlj^l jtul) jJeu-i ji yi, \ 




(i» . Js -^-22 —384 ) ju... jl 

Jlp-j 3 dale, ,ajlaJJ 3 <Ujjlbuj j(j* ■■•* ju ( _ 3 JLcl ,\al~i~i —a 3 i.>lxa 

■ JuUuJb l ^ 'Vi d»jj (_J! ^U»...jll ,j 3 ^jaJl djl££i b 3 j 3 i ^ dm_i i^ll 

.(3^*35 ^ 'Jmbil » b* _l j3l n ai nl l »5 jAjJl jllr^f J A a\\ : I _ 7 & bjljbi 43 3 jjbl djUuuJl v-O^sl^SJl ^ 

4-jujI J! ijdjbfbi lr\_» mil j aflll >~i.m*i ba JLmil j idbll 'j ■ ^1 j _j-^~ ■ jb>...ji j^i 4 

. jbjlj *alit »t-jl ijbi : djuiiluil jwabjC 











I 

f 

> 



A 4 WJI ^.4 ^Ju1l4 3 A 3 ‘ AjLflJ ^4 3 5 ^-4 ^ 3 ^ (ALuISLAI) ^LUrTtU^ 4 M 

. ( aJT) lAl ii4j (^yilSuLa) Auj^jlILj i^iu ^yjl 
^ 9 >d jl >.1 Al^lSbll ◄ 

^>. ^ ^SAAlj ^yJl A-olxJl j 33^ 

. I^jlLx S^l^juaJl 3 .l^'tCl.un . 1 ^ 4 _jloj^ 2 J .Aj^l ^J^LAua ^j-i-XJ .^yjaj : ^^jljjl j^Utll' 

&L^u >5 aJuJIju Ij5^-4 . 3 !^ ...j\ lc-L_j .* ' 1 _4 >IS1 jl 11 j Ax*-ub 3 ^y-Jl <l^jLjdl ^..Ai jyZij-X-i ^ j fl'i ◄ 

J it m j « i _3 

. Aju^3ji v.|JLjuIS1jl4^ ( AjJ\jl 4 AoSlld) Aj^Loxu t * lj >ISL*4 : J! l^4.iU^9 t * It llSLljl ^5 Aj Jtlot.) ^U»...jl 

( Aj^SHiJi) Aj 3 U**J» ALulSbli / 1 

: JJLuaJl 1 JLA j Jli Ad 3 ^^Slil ^Laxuji j lALu-b ^X. Ad 



.Ajlgj V \-4 (Jj -La 4 J ijl ^>SL*J ^3 .J^A 3 fc 4 03 ^* (j! ^ 

.JSuUl ,j^SJ! ◄ 

tlrfc jjll t Jjl InX .J. A.flJl ^ ^>3 ••(AllAJi AJ&3jJtll) Aa-uuJl M 

j-i=> j* tA_JljL4 (AJMdi) All J 1-1-4 3 A-Jjjlj A ^ J^-^* J3^ ‘L^y^-1'3 

j 3 - 1 u J 3 SJI 



AjlAdj^I <* iailSt jill /2 

Jl Ajli=> ^?Jl3 ( Jo 3dm lli==> ) A_ai_a a La) I AjI^=>^s%JI : Ajl^=>^p«Jl jlx. 3J I^jlB 

. (‘ 4 *> 1 . \iflll 
* A. Wall IAA j Jlid 



L-^jISL* -l_>»Li) (^JJl-uj^I 3 > ^£1) (^^jifl ^ l c . (^_Lall) CLII 3 OjLpfcSfcJl^ j*Lu-^ifl Iraflm ~) ^ 1 

1 ^.ISLo 3 _ 3 «j) cIauuJI J! (jlA£.luaaj Lo^jld 3 LJI 3 CI 34 JI Lai I 3 A 9 L 7 xjlA^ 3 I 

' .C-l.4<u)' 3 A ^^XJudaJl 

■ Afl i AJLlAjJI j»lui.>»^l Ir'xditt'j ^2 

joLlll ^,-Ja. Djjld AjlSAj y_yjl S^jaJl J $ju ^ Lo AlC A^^sJl ^jX. AI^t* a!< ^iaoJI ^3 

. AjlSAj JS^o 



>)< LT i^. >> 5-J A ■_*->- jL>- 3-i -i 3-f»“3 cr^- A£-^xuJl 4 3lca-**ij if 3 A-p^ALJl JLX tLu 

.AAjIj A jl£.jxu Aul^a ^3 L yIL>- Ai£=>^->- jjLLj 3 ^3 jLbu 

Jl3->* <ULJlc. A^c. (J! (?.& 300 dA£X Al4 b^j^i j 3 AjLu ^lauujl jlSldi AuLoj -lid ◄ 
) AU j AdL>» ^ 1 3^33 *1^jAjl 4X. yj l^ll_>- JI 9 i x~> AuajASJi ^jl L ^l*AAll 3 <.lj jd / ( ^da 1 ^Ax. ^ujLaJi 
^JLaJ) L4J 7>-jl t-il-j.^-— > A. A_a >• ^ 3 -UX 1 LAji J2-X, . A^.ot..ur> ^3^' AJLA3U 3 , V < "» jLSldi o! ^ 

. lAlifa>» Al-ajI 3 j‘“ c ^-iLuJl o ^ 3 aLJIx. ^JilAxJl 



KEPLER (? 1630 -1571 ) M l C j>^i jjfci . 4 




• 03 ^' 0*^3 yA ^ydi ^uuaAjl ^ 

. 34 l^JL>! jj jiu t j< 1 4 i<i)l 3 A^adlj ^jL^d Jj Aj^jl J s.TiiAAj) t. a^~— > 

3-SLu) ^j.Slifl,)' I4J i»Ld tyjAuaJl Aj \j.Ai.L. AJuis tAm.^|> . Ail-id J AaSUd Ajljluaj) l> _ y lx. cLu M 

tA»Jij 1—4 a 4ai»L) t-d^-xj ^jLj'3_d a_jVj t i/i 3 3 , i< ~~ > jliLAui (^» / 601—1546 Tychobrahi 

.^ldJ3 jVl - 3 oJ y^jAj 



o^ii jS * 

^u-oAJl ^tiu ^^adli ^Irad i> JS-A y_^ix jlm 4 ^ ^ALlII db^j^fl 3 (_>*« Aiull 33 ^" L 1 *•""-» 3 ^— » ~» J 3 AJ 

. ( Aj-jj^j) Aad^a&4 A>>i jj 



^jlUl J 3 jUflJl 

. AJ 3 UI 4 AjA 4 j Aj! JL d 3 Aj 3 L 1 1 "a 4 AjL>-Lm .4 t.._A.^zr? 3 SJ '3 s- ^-J ^LxJjJl ^ I II 4 J 



AdUJl yj^jlidl 



3 ^^b^pjfi j3-g*i> J^ia V >..,4.Jt5k.4 y ^Jllgllkil J5>- 3SJJ T <^>11 J3A3I ^4 wjUiiLuiJ 
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— r — A. = JLuU> jIJucla 
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^r.ru.i 

,j -4 J_aj |«] J ' i_i i j Q j.ivJJ ^kt-ujl lio •»-, t_i ^jl j 1 .^^~~> j L- )>i < v_i-ij-i j ‘— > . w l 

.(j « » M i l i (_)$»■ jjJj iyJ' u* 03 SU' j ^ j - 4 



lilt jjx—l * 

0 y^jJi (Astronomia nova jyosJi /llali ,-<ilt) ajU£=> j aJ ^UJi 3 jL£= ^ 

Armonies o$-£J' ajU£= j ^ o . juJUJi L»' ‘j* 1609 ijuu 

,j» 1619 i^ a l 5 jJi ( Mundi 














A+ln* *4 A,4 i <i»*<ai4 Aizs p3*J JL-4 

F — 0 ^ V — Ct£ : ul)l5ui>>i Aj p*i jl! ^yldi cflmJk £ JjystJu a!L>. M 

A_ilif==3 j pjlju^Jul J3JL1 JJu^aJl I JlA ^3 A-l Until Ijll 4 In i '* noj ALJIx >“At.>» AujIjJlII A IA 3 

0 -* JLau ^3-H l$xLo t AbJlx l^^jJuLu /1 ^yjl A-»j*»<nll A^j-ioJl pj) : (cLj^jlAJI j jlSj&ifl j^Wj) 

.( AlUnaJl 1 jLl 4 ^4-uilj >— < " < pLgj^Jl 




; ^LU ljjln>4 ) *• **] >.« > ; 3UU <JL^ 

/•' »laJl jV 4 Jft l /L ii F »LXil (jY <fc jL- 1* <S ^aJJ 
( |7 #1+3) *1+3 ( v *1+3) 4i *1+3 ^aij 
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F = 0 



: JlilaJ k_>-J jl-4 *3>X* f~+ 

F = 0 * v = ^ 




AjUaail 1+4 /4 
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d«_ifl"mi ll x‘—ty>- j\ Aj^SLui ^lx «■■■-- — 1 UAI->_i 

■ <>_i^— >jJkll jyi uJ a$i ,_)■>. „lu ,«J lj| ^ ~ i \ I 



(^Lu+Y' Jajiu-u 4— aliJl) jia-^jY 2 4 >/> ill LLJlc- j j 

iUjl m .4 ^ — > a. lx jkS ■>•! .2 <La»j~i ill j jl~> mjl ilai- rtinj i^llj AijJlx k _ a SU 

(... . j — 4 j-jQ >L ^ol_ U3J .JLj. >•>• .. J... ■>) 4 fll~,Tk4 Jl^_4 'tic J a C 7 ^ iUlLoti Ig-jSJ .LjjjU 

a j_A> ^1 Ijij la. A. X .^LUl j^jjLa .(lit tOUV dc Pizc) L-JUajli lj_jj £j-J <Lx3 yo laa.Ji 

■ -1x3 ^J' jnfli j . Jfl„ii .~ilr*,fl.n j l£3VJa—l ^^lx . y>- £ Jj3' jZi Xil ^JSJ' 
O^jLa j-^33 (*' -• >^1 la 3<1 .11 j i(_j jlaj 4jLiJlx iLiytJjl aJL^J 

jaJl JajLwJt Jjjli <j*xj 





. Alull^Ld ■ « 1^>. ILd yOxu Ai^aluJl ^Lu->- i f l ■ ‘ 1 j- -*• ~ ~» 



Ajl>-V-u 3 ^-Slji^ >«^>3 A-j.ljgt.il JjLL-aUil^ ^yiJLjtJl 0 1 ^ ^jLSjJai ... s ] ^ < t t - ^ ^ 

JpUjU (J-iij ^yjl ^ jif ^Ixll ^-Uii ^J-b 3 0 l f A . ..t l 

. / i j b V^l l ^yjLxll Jt^jlll ^jX. 5JLXU Ajjl jyuxju^ Jjju DjlSjJai Ojji I jj . A^i Lt.r- 

3-A (cU » i l l) A-j \"t 4 n J} Ax— 03 ^JJl — 3ln ^^SLjuLSL^I ^3^1 ^j^+jJl jU 3 laA j£=> ^X.j3 
^ * > » 4 -j ^»Lj Jl -33 .Lj ^ / ^ 3 ju 4 ^3 J-3UL3 cLglxJi »(3^’3 l‘ l..,!^". * ^ ^ 

•O 34 L 1 .l 1 cUUJi 

^ L * > • ^1 la 3 ^. iu 3 ^^yajbfl ^J 3 -» ) ^)»44all 0 ^j 3 *^* Q 3 * O^^ <A^-i LoJLlX . 1 j. 4 ". . . . •. ^ JL §3 

^ j 4 < n ^] l cUuJ b 3 ~d J 3 ->3 1 ■ 1 * > a . C' 9 -^' c 3 AJLjlO^JI ^Uit >• ^ ' A L. J-LU Cl j... . A]ujgjJl 

in^AtJxJl b ySj± 3 ^-i itiji IxljSJ ^ y i tt ll y A 4.1 4 til AjO VU ^ . ( OJ l51jL>» ^ 1 J 3 >- 3 ]) Aijgjai dj~=> y>. 

pl. fr-> 34 B . 3 ^n jLSldl c^ylbJl ^yxxj 31 . OJ l$LjL>- 1 Aj i^jUl ^yfl-S^I _5 3 " ^»U ^ j "*^'3 .tl^Ji ^ 

.tlUSljL>-l J^* 3 J pj’l A£=> px. (AiSlIj pl^a Lo^a kd^l j la pc. ^K~ , 



Ijj— I (jjt 2-3 

(3la«j) AjH^=> Lulu 4 pjl J 3^ _« 



^£-X I.I. J ..IJU k _J_XiLJ 3 I ^JSIO-O 31 k AuaJILU pSj. UA j 3 ! b J 3 > 3 II |>Lu_>- bfl 0-4 C^yli pu^J . . . ) 

.(...|<m> pX AlojLS 3 33 3! ^iu> pX AJ J-Llj PU-4J3 .0i)j 



> ‘U il ^j 4 3-3 

jSA pVUn 1 \ .pujlxll pjiLJl kl^j ui^\jjj£ cLglx ^ ii fl_) pi jnt»il pSLgj - a ^ 

I jv^l ^ JOL&I ... ? I^l4 tj jt<> j v _y_Jl aLl_uj 3 JI p jj L _ T j!b 1—4 « . . . 3 ln i»jl JLj 31 pu Jistlld 'J J.l j iISLjlI' 3ln<4<jl 
Ain ^Ll 4 p_4 ( 3 _lLl3Lx aJlJIx) ^^Jg.j.tll J-gJl .-PLaJl p-SLgjj IAjl >-3 A-jpxJJLi .jtju . Ajj.pt jJ I l^ij .I^jJ! 
: (cb^jLflJl j jlSlja^l j 3 lnj) AjIa 4 -— » j pjLuii-u! J 34 U J. 3un)l ij^b ^3 .» * 1 < ‘ilSlxll j 3 ^ujjI jlSjfii pix >0 3 

. aLJIx. - 4l.J~X— Ajpa*-jJ' p) 



: Ju Lo (pi, lj, !>■ pUlX ) AjPi=> p AluJlX J32U 4 
3^3 »A^ulx 3 laLuLil 3 ! ^ ill Aa^jlatJl ^_jLlxu 2j' k~i_4 fl> lillo .UUj pifltAj AXpui Aj' p) 
.J 3 p-jiJl Dbfcjb ^pLuxaU ^ . a mi ptldi^Jl P 3^,1 ll ^ Aji 3 r .pCLd^l ^ 3 juail ^ .pjgstlj V inpui 
. aLaxd' 3 L 4 ^ ^ 31114 . 1 1 la _ 7 ix A^=»ppl pi £LaJu I JJb p - 4 3 ^ 3 JLuaJl db*j3L) ^loLkai) • j 4 . 4 1/ 3 

. 1^4 -.Lt J 3 I l^atu-V) u-LLu< J 3 _>- 3 f*JLx) AxjIj AX p*Jl 3 






ppj ^ k AX pujl JOU 3 kSpj 3 II Axa> jlaJl ^ 3^)1 3 ! 3 32 JI pu 5 j 3>> 34 ALoJl .aLJIx > i<»>. ◄ 

. /** QC V pii.jJ 3 /^* GC /] V pi . 3 ln<ujl ^jL) 1 4*~~~> AXpai*Jl3 3 3 ^^ 
lj) L ^ Jl 4 p n g 1 " * 3 kA^apSfcJl dLsPI ,j LLi-jl^a lj) >11 AXpaa/ p.4 Ju^jj Ajj>-j13«J| 33x31 < 
A4 jfll < n 4 A *—-> p>. ^5 |Am..yll pl-4st lj) A— 4 JlsJl4 03^43 . A ^-->p%Jl dL-3«j 1 pu_SLx JLi_jl^a 

, A4hXL4 



3 p.t A 4 A4iXAJ*Ak4 A=> pgp JU-4 

.( V dl^jl) A=> p^Jl dbtjl j,»fl ) /' J p3 r AXjLi-j-4 A^aps&Jl : %l-»l-4 p 3 ^ 444 4 ^ ^ aJL>* ^ 
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AjjjUJt » jfl /l 

i ij\ £3-1^3)13 2UaLo_Jl o-« 343 i2/3 p-ij Jas»j ^ISLi (3-aLiil) 4 jIi£s ^ 0^3^ 

: ~i'l JSLuJl •■-»■'■ cb>- JlSj (USULoJI » ‘ 1 _< il^.jllj 4ju«bjilfl . (JJJ <LftVUJl [< 140-1 



t-fcrt... i ^ * . I 1 *1 -- *1 a IjUuji ■ ' ^ J o'l.all 4joj A jlI jolj-1 — 3 i j O! ^ 

>‘"1 ^0 JL*jl ^ 3O0 Irtflmj ^_3^u3 ft j \ t*—> 4A y±xi ( _ jr o j 

J j ,^-> ^J| '. r j cl ^]l A43UL4 ^3) Aji lA jIao 4 t»jVi <j! (_)*£» 300 AilcftLiil OAA ^ jlj.a ' i.i/Vljg 

ftj 31*3-1 (ji ji(l gU> ... ^ l<~ _>j»o»Jl LftOm .1 ^ O 1 0 *> * J ■- 1 ' . ‘ A 1 Acial^s A£.ju* J! 

■i jj^SllI cLcraJl j Igj'j'JU . i*— >ljSJl IaLU o^*J^' J3-* - Obi^^ '‘^M ck* ~ 4 - ' ' ^ ■‘ 



jj •>. . ■ A-. ij<ii a a_ *. a L»Uj 4i-i>i... ii jLsfc>-ifi 0 o' jl£»I JL3 o' • 1 > 1 '■ ^ 

^ L» J> J •■■■■< Jejiui AiSJj .Jo^iu. o^ W 1 ^ 3 Uft 4 -O^J^' J^ 3 - > AiJI li ^3 ‘0“*“^' 

•<W'4 i 

4_ujbJl 63A l4i! 1 f Uu_ft>- bfl ft -LA L4J ^ i rtVi ijjisli- £jj o<* *3$ J 3?-3 3* L^» '. l t‘ u 3 * 



a^suiig <u^jb(i a^jo- [jU: 5^1 

S ^jid ^jlc. U a. n' i j»Loj»ii Jjuxj^iJi o^iji ^ l, 4 
$ I t Jy»- < T j^i 3 SJi 3 ^jbfi,JjL»j ( jiJift^i]| ( ^ i(l ^ ^ 

jkuiji jjmiIj 

0 i —>jS>~ , b io ~i A jfli 4 g l f > n i 4 jt_ i i lf » A^s (_J! A== jjOl jU. . ..^1 

•• jxiujojk (_^aaj A jlJa ^ .A- l j CIi 

IjLa . 4 _,lr 4 a .Ua ft ^3 Ju ^lllili JLC. jjjftUJ ^ (ALi^=) <0UckC Al |Aui->- 4 

■ 013»J' (AiuftJl ft^ill ftaA oJlj 

■l^'t IgjlSLoj l(jlir-)l O^ - 03 ft (_J! ^loftcj y Qtajill ftl^jb lr~ >fli n~i ,_yjl ^'...-wS/i -4 
JOuo ■ ‘ A-.ijCU j,, a 1I1 || L41 jjgJj 03-i [J i fl i ji/l Jj-'o > . ‘ ‘""■ I 3SJ' ^ 

. j»Luii>- b/l ^3Ju ,^1 <U 3 UI jJ| 

^Li jjUaij 

"4 fl^iJl" 0-C. ' * ,* * OauJ o^— 3 [J 4 ■> i.ii -%3 03 SJ' 4 h i. I i A A3jJL 6 i <—> 0^ ^ 

^..^.t. 1 1 0 ^. ajjLoo A»iaij ft^iJi oJa o' j >43 . 14.1 jtju j . ol jjO,_yJi (Animae motrix) 

jLt...jl j i ni.'a~i w ' ■'■ JL3 ^ I ' 1 ~~ — • Q jSj UAj 

1 ()■_■• I aA-. — 4_jjb». 03 J [ji . lj<TII [_yjl ft j. Ail o' •>! A-jJoli- >~i il^-> ^ 1 1 — i ijSA o' j>C 

. 4 1 , 0 0^3 j ^ — 1 '(j"^ Jja' 4 jl 3IJ ft 33 i’iui AI 3 JlXJ Iao3 0->3iH (^JLxll 

J#*-* 1 

cUUj \Julj JL §3 &£=> y>- ^^luC joL) ^i>Ai v «0 J^m.i jmA i i^jl < 0 uJlC ^\]ckjuu\ ^ 

4 *jila 4_iMxll ^ lrk^T> ^yJl ^yJl 4 l i4^1 JV->- (j-A l* A j l^ »4JUt^xJl \j+A 

. 4_4 JuLuJ 5^5 .4^=>^JJ 42 lol4 3 ! »4jlS1J D 3 B 05^ ^®! 1 J 1 4juJlx. ^-13 4 O 32 JI 3 

. 1 ‘. Ua i ■%. jlSlB 4|«t.U ^>. - i ^—>\ ^SJl 4i=> jj>- I^jlB Iaj . A-aSLLoJ' ^ 3 jollJ & j^ajjJU 1*1 ^ 

4 ‘‘‘ ^ 4 lM2l3l D^-SLflJl ^\5lB . JbLj ^ 3^' ® l l* ^iB j j} 

l 5 JJl 3 -A iJ5Lui-j 1 Jl £»3 4^jIjUl 4 j til ^1 l$3^' 

till DjAlla tlki ^l ja ci^iu 
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4 j Jlxj ^jX ^j'G 5 ^S _3 JjjISLjJ ^ 

: J. lurfcll ' JJb ^ JL 3 Jl 3 a ^)li =3 

• • • (j**^ ^ *^ ^>£. j-iU-ts <* jP*^> l$' -*9^-9 ^yj!" 

^ ^ iiJJ ^Jjls yX ^ ‘A a! f 5^3 4l^xi^t 9J fi . ~ 1 1 ^ i 

djLa ^vo JvilJ ^yJl JjLal^JiJl 4 j^ln> i > tbv ^949 

^yj| ■ i^— ^ \ j l^.>i~i . * i < \ e 1 ■>> rt ll \ 1 ^*i ill M ... A i .1/ 

£_JL) 1. !*---> 9SUI Jxxj -lflU*...a ^uaU 

. : .*A.i- ^ Jl 9 ^ . ^4 4 lfTl.> ^ 0 jvuj ^V*J ^Ju I..ULX 4 tjlJLfO 

^j -4 j 4 Xpl l> _ y lx ^i»C. £jLuJI 4 j jin i ll D jJb 

S^jflJl b jSjb * 9 . V* I 1.4 1 ^ ^Zj - \ i 4 l^ji ^1 1 ^‘iUa^. 

. Lul^-i <uj jIS-jJl]' JjLal^jJl bj£-S v ~4 
jSJLj}\ jliii JjjlSLi j L_>- 9J ^jj -)*•—-> Jj ^ io 
bjSs i * 11 v< ~~~ > 5 ^Alrall ^l^JiJi .19^-9 2iH^" ,,ii ^JjLO 
JjLuoLjpl Loi . Jgmi ^vu-^JJLi ^jj-j ^JxUlLIi 

l ** 1 1 il 4 % l l ^1 f ^j l^ A JjjlSjjJ d i ... 1 1 1 t 

1 ^*-— > <V* j, ilr\)l 1^3 AxLu-a bjJjuJz JLj ^joajJ^ . tU^Lx)' 

• 0 ^ 3 ^ 3 0- 4 j 

4 jU jb%J' JLluoBj 4 j 4 1 * 1 ' 5 '^Luill >"illnC _li JjjlSLjjJ JjLo'^jJl 4 j^lixj ji j^oau ◄ 

4 jp^j .Lajpa j J_Ju ^ ' J14I3 lo^4X Jlxj v _^X Sjj<}lt d^iaJl j> 94iii l4JxS;3 1 44 lx!' 
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'JLSj 3 ^ 9 . 09SJ' (444) 4 j j^Ul is9jaiJl ^94 .'XJ 4 j 9SJ 4 jljIj^j -3 4 xj 3 ^4 J^o «4 ( ^ jLl. ^i) 4 j) : ^JlJ 

.1 lyJofcj' djjlxJ ^4 4 xu/ Z 1 JXJ ^1 |* / 739 4 Xui ^ Lu_ 1^3 ^ s_jLl£=> ^alu | 4 U ijll ( 4 ^ fl.,1 
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JjjJ Jc- Sjill ^Uil /2 

; 4 jLl^=> j J9XJ ^ 



4Jl> 9 I 4j9SLu4 4J1_>- ( J^_4 ^-X> ^ £ —~> 1 4lu_ 3«J' ^HL> 5^-j 9~1' 3 94J' ! 

Ujux (4 111 >)' j 2> f.\ ^ 9 iLxJclB ^pLflJ' j 3 942J' iJJb (jj .|4piJUAL4 ix>> tV4ixI.il' 4 l£=>y>* 

■ In flA 4ajljJl 4 jJILxC c'^j>- ^j-4 JJl! J9 1 ^ i3JljJL> 4Jl>> 4 jLi Infllowj j4m>ll |J^ . JxflJ' a j 

.4jjls«Jl 3 94]' 9! Ixxubj' 9I Vfanll : ill jjluX4 0 v4 ^jIj ^vSLxJ 3 J49II ^9xJ'9 
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jjjjJ 0J1 jiH /3 

(aUIUlI Ijm) (jj ijjj] JjVI (jjJliil ^ 

L«iJiSl' 3 JLjJL?J' 1 4 jJblai '9 wxi^Lilj Lay 4 -JlC > 
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. V^y AojK V ., i I AC^-ujlj 3^1 Li 33H i 3 > 1 a j A 2 

.iUiiSl (Jj-» iUjIjj ISlij -4 3 
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j»l... -^‘Vl 1 ^ If 03 all a. V A (» 41 ~| ^ *\.aj a . Fj /( - A-ujbil 63^ Ajuiall- olA j — - 4 



I (jlL-t' |jj k AjJ3^=5 33^ (jj* ^^3 .^l...-».Sfl ^i a >- ^i-iVi <L«Lc 33a Ajjjbil 53^3 . A-jilall 

. iUj 3SJI wjlail 833 3I i>laJl wj jail a 33 (Ami 

. <Uj abil a 3JCL1 iuSLLaJl tLuAj j 5 ? I ^ — ■ ^ail Jl> 3J li 3P ^ll-i'iiiil IJLSL&3 4 

833 ^y» l 3 ^Uajl (‘ .13311111 ll ilnll w l±zr? - ... «i_i ^jl AlU»~ ,.,l j 4 

UJU ‘ ' ^ 1 3SJI <)£=>JJ>- J.UI fl~i ,Ja». L’ Ajl 1(»P £310 3J .-agoj qI ^Hajuul J3I ^3^1 0^>3 ii,iJ jbil 

|JI4<~1 111I3 . j a I l_l. I ll J\ in fl'iLl l i.Ji„lL.>. . Ml _1 L. I JL&3 L& jjC />£. 3 ClIjJL ii3illl 1^- I jl 

LpljLu _4 ' *w 3 i . .lju 3 J I a 1^3 AjSJUJlj Auaj^l f»Luu>-2/l iimi 0 ^1 ^131 1 ^jjal 3 Ixijl^Jl 83^ 

.<llr»-ii j l^jlcjluij3 l^jlc 3^3 
i-i-uaj ^ lillai L)l^= > (jl (AC j ? iUjibil ^IrVmij j«J Ijll : A>. ^laj Jl>u< 4 

JL3-3I pjjl 3^3 .A-jLijbit Jpl 3 . a ill'll j ( <i Ijll .aJlJIc 1 1^=3 .liu 3 J U luaj . i 4 — > 1 3SJI &!=, jS>- 

(«-lc AaaIjJlI l _p3_p b \ .M j — 1 Jjjl ^1 g~i 3 i^l ^j_c. jp-SL _Lip IaIa~i 3 iI c$JL)I Aji IX • >^ll L> 3 81.il O pl 3 

. Aojjbil i 1 ~' *— -m ijaj pUl ( Jj 3ft j^9j) L^xj'9 ? '- H ell 
J -^3 9 A-Jjjbil 0311-3 ■ ~*l-“ ~‘—^l ^yj» pj3_ij l3j_nalc 3I I31IJL ,.« pjjJl tla ll .ll ij^= ^ i rtl xinj j«J '^11 
!9 Ajujlail Opl^ LP5P ■ lA^jl ulc o! L»^' Ala 3 luJl A>-lA!il j j»l .'9 A 3 . I i nl l ^ Alluil 

,_yjl A_lMJl ^013^)13 A flj 1 . 'll j ajAl al l j 3 8> <1 ,.,l^ll J_A|jil Jj . J|j L J IjkA j »~lm.ll Ajluil 3 • 
j»3 (jo a J l a 1 ~| mil Lb j .... j'n tl_pjl3 a _.<l 1II3 a, .>.jVl aliL^sjail . lj •> ■ 3L1 Ic Ju A m a lu pj 3J-1 I j nA> 3 
^pLc 83-jail ^3 j3jJi ^34011 JLi-jp (<i j’Cj jjLi) a-PIaLuj a_uiIjJ .iiLX >^l' LP3-P i.y'j- 5 -03^^ 

.83AJI (» jgoa Jli. jj ^38 b^l Au/IjJ OlX^sil 13*1/38 pjidl Ajii^ L> "^ c 

la-jjljj i 1 -aaljiC Ijbtjl . ‘l i’ilSLil ijA jy *99 .(j_p3p alLplSLaa) ISPjK j a Jl 3 LP3P 03 ^ ^ j ^ 

ilSaLil) jxgjJi a il ~i t - — . jy ~b.j9 .331^-1 .|i ^ ic cUppii cl ale a Umr I ^p3_p ^_a i~i !.(>■ •l< jl‘~r> j»3i*J' 

AjLa-b3 cS-Ui (Philosophiae Natvralis Principia Matheniatica 4 -x*±Aa ji la^aJiflU aj-^jL^i 
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!jj*xual j_y& j£- j.j 'i (jjjlill (^i QjjuuA ibjagjJLi ^ . ' ■ g a Ijjj .Lig L y3jit\ 3 M.V. 

.( 31 ojm ji Aaijj ijaJt litijj 99 ij jlia 13 -bgj ^3 

. — li a ^ l a , 1 g ~ l <~ I bJLjgg^Jl . a 1_< I U- |4J . .Ijl ■ Jjgjl i-\ ^rt... ll a > ^ 1-. i Uxf~ t j 1 

•kll> j-lu JU La ^jLJI i ll ^4 1 4 (j » a 

. <UJLjJL>> ^ J*~ — 1 4o1lJj Li^=> Ijj AjLa^gJI bLijlau /2 

5 Ug. i ' i b-, jj>. j jliai jb /I 

^>jl S 4 -j « _o «i ^i 3 lm>.jfi Jo^iu, ^ jlr-i.iijl 4 j jlaj ^1 juu laa J^ia *(^) * * ' * * 33 - oi ^ 3 

? CP! aJi^y 

J Ijlo 34013 sl 34 ]l^ j»luij».^l Ja 3 iu< OJJ Ob! JAA /£ 




31 -tllljl 



J=JI 

^3iJ| io ^2 uaJI / 1 

A ^»4 y — »i AC J“ l 1 <AJu 2 lJ| j^Lux^-i/l L%!a.i.“a 

A^jaMSJI dJL^b 2^3 ij » V4.ACI (ji |» ^Lall 

... 3 lta<«jl ^j£- alJUL Jli Lo jLlc. LiA C cuu~uu > 3 . Iraflfl s~>U^^l)l 3 

. ^Aauji 4 jl5^j i„£dJt 

~^- ' ^_>- Uq^ 2 ><» aJoLdUxJi ^Laiirx^i Jo 

jO ^^3 Jj yJa aJujlaj j aJLJLc .. i 4 . ~ <d jls^ 

oMgaj OJj 3 SJI oi b>- 3 i .I^OJ jLci o-» Qil->a»ij (pu J 1 >3 (><lJ 100) 

. laa o^J *J! 

bjb^jl b oib pU tn a.ii j AjJUJbv ^ j — ■ 3 Kguj bl^j ale. 4 ji 1 gJbtj a . . 3 J ll ■ ^l^.~ll pa /i /2 

■ ig^ili 4 — pibiS ' Pi tt Ji-^lj^ .iUlujJl JaS Jjgxi 
ja 3 a.nl! j<u b) <bu 3 tg 3 lajl.-.f I Q’v g_i 3 ^ ■■■ ji <U^laj p! /-r 3 
4olo JJl aJsLVSls) aJsloSJi aJiLoto ^Lu^-i^l ■ ~ ^ ^ ^~~» 3 

. ( JuJusJl bj£=> <^[2 j2==> jjolSo jJLfaol 

A^n l> 03 ^« .l^La^iuu cLui j»Luj>- q! j^ju JJLJj >,..■« ,*<*13 
CI 34 IL 1 aJlSi»^i(^>fl aila»^U 

• 7T ^a^ga- ji 



() 



P A*l f j n J^l 




yja.) v 
p f \J J, 



■y^i .‘Wil^gi ‘UijjG ^uala. pjjbb / ft]) ffjjuiaJ I . 







. 1 ^ AsujjJi ■■ a 1 Av j — 1,57 y[J i Av y — 2 , 2 m .s 



-1 



y» 1 ^13 7 U» <-^l i '■*. a 1 _ y & j' j " a j iJj j~»~i.i '~jIl».->- Jdl a^jaJl /I /4 

C 4 L 4 J i^JL^Jl ^4 c".l rt'.t T — 0 4 JUJL 3 L> Ju 

b ^3 j ^>- ^ bj 2 jx& v *--— » qaj .(/^/ fronde) £Vlili ^4 *-■** bu ^ ^ 

• l£ jLlu- 4 ull^.^Jiu ALx^JLS j^3«JIj 1 * 1 ... 

f^Lua L» IJlA^ zlv ^jJu £lxui Jo4 UIaj fc(O) 330 4t»V> 7" q! U>->.V /v_j 

.zlv* 4 £.^loJ 1 jou 4^-*) 4 < ~— ^ i i.i.ll S (jl s-cu jj . ULu 




A^uj ^XJ ji uiM AglVt \ a A-Jjjlj 4^3 ^->- ftm-v L7 1>- : ItU^lsfcdUall A^_*il]l /£ 

. (/orce centrifuge) ajJ ^ ^41 AjjbJi s^aiL d *j& u w» .o3»i^ >* 

^-4 4^ a j S^joJl bjJky ^j£. A^tZiLJl Aju jb«Jl b$ 2l) ^jLa .^p^ju - /5 

0 a*v j LiA 3 ■ y* a ^3 luaji JUu a^iJ * Ajljj-i cLiai ^-a^a^Jl Lu3ji^ 

■ 1i~».it« 1I JUu a $3 3 iUjjbJl a^3 tUnL-i j JsVii-l a . ,i. Il 



(LuajUlg tij^SInll hjl^jaJI aiagJg (jj^ . 6 ujjajJI 




3 



Wj oooV> 6U)Vai 



_ A/fl A/,9 



_ 2jc R _ 2n *0,5 n 

T 2 2 ^ ^ 




(a^il-lJl l r>j-» a ) ^^3 i _ r ^I \j (j fyf (j ol iaa-^ 
. Aj >$ JLxa Ai»ji lS jjl M() Mo u .. .'j 

v = — =1,57 m.s ~' 

cUkoJJl AC^uxJl Ajtuii J i‘i/i* / 2 
4£.^uuJ! <L4 Jl 3 A-gif^^ < 4 D^ptj Lo_j 

V = cLulj AjlI^JlJI 
iol a i ll ^ ^IaII ^ aLoLv ^bulu V i 

A/g i M4 i M2 <M() a v j»'l 

1,57cm —>l cm . iit ^uji ^ 



M 7 ,.Ma , M 3 . Mi i$ii j Av JjlU 3 /t/3 

(M2) 3 {Mo) ijjjLiaj^li i jaj j^^li i M 1 £ia»$li ^ 

ZllTy = V*2 -V* 0 , LuJj 



^ Ju^j^a ^4 U£=> Ug.tl^ rr »a ^>oju f»i * ( —V g ) ^buUl^ V ^ ^bulJl M / 4^->a ill (ya (Jlaj I JJ 




A V j — V j V 2 ! >'1'* ^^ 'I jufl 1 ) : A/j ^oaa^ll ^ 

2\V j — - V ^ V 4 i ■ t i ~i^*i j| (M 3 ) ^aaa^il ^ ^ji»a » 

i4v* 7 =\T S — v*g . ,,rXi (My) j ^a^>3 

V y\ llirTV /^_l 
ajjlJLil ^ia3 I 

a jjljjl y^syj ^aaj : abej^l 
^4 t ail 

1 (kajyia • 



Av =Av, =Av 3 - Av 5 =Av 7 — »/ ,4cm .jb^i^UJU 



1,57 m.s 



-1 



Av « 2 ,2 m.s 



l cm : 0(3 AC y .M U ^XUJ ^yt \xAA oui>J 
Aia^ t Av =1 ,57 xl ,4 io-i! 



-/ 



Jjj^i.U_jL3 <UjJoj o' mj l ii i 'l a alilub |ajl3 .*il*ia j \yj yuaj Zlv t 2 iUujla • 

AVy =yJ2v£ =V 0 yf2 .oV» =V 0 o' U jj Av = yjvj+vj 



% 

‘•3 



j 4-aali. 4 ail ftafffl ffffl dldk^^F 






Aji «. * 1 jAlj 



Ha rdJ 



.quati° n 



cUiiljJ Aj * dJLA jJ yuldl idul]pl Jo*_> ALjJU. 

. Jbu jli Q^i Aojjl^fcJl 3 ^ji b V aI^v ^li==> 

. ajj jl=Ji j>iii ^ grange gji jiLDf ) ^ Lu^p jJi ,*JUJi j yu 

." AiiiJi^al JL3^ .IJl»-l3 Ij^jli 05SHJ o! " 



.139 2 AaaijJl ^ ^Cu3^» y& U£=> *2/.? Jaao MSPL (l5jU1i) <l. 1~c_ •« . - . ^ 

S? 0 4 3 44 ffluaj / .Z 

* lap la J S . h l l i’l-w - ! tl^- 

^A ". 1 (Aj l. >o ij a IjLua i lVij j .(ft j fl ' i mU Aflj jla ^jiL Ajjjbjl jjjljj 09 j j 

* 3 * '9 lju ODj O'® Jaji la Miiya J fi fl m j —3 9 .. > 9 ~ 1 - .< *~ — ■ ACijju-i Ijj^ 

1 000 9 1 00 » 1 0 .2 4 1 5jIJlA4 Ou 93 |94i;juji Ajl3 l »_■ -■■ * l‘i . .?■ t -- ^ ... . 

Ijjjj .ItfaSMj o' 03 J cP*J^' PS- 1 *- Oj'r'j-* ‘Ll£»a" ^ U»i <. ' t & > \ i t u$ J) J,^. 0 | 

•" ■••( 5 P3 SJ| cU-^aJl £ Ijjljl-U ^Jc. jjJZ UUa .^jo ji/l J^». oIj 9 JJLi 




: J 9 AJI 0 ^ a, - > ij 1 ^ ‘2 Jly*Jl 0 4 3^ LJ ^ 1 ^ AjaljjJl ^_j\c tlju 

5 >L )a j5fl (jLc j«jlj y>. JayLui < 0 L>- j 9 J 1 jaiJl o! /' 

? OjlOa ^£. jaiJl Ai= >^3 • ia$iui o^. A^yull yfc AjjjlsJl 0^3 o! /s 4 

? UJ l( jlp i n~t o' o^-Aj i_U& ■ A« _ » lrtC A ^ | ~ | 1 J! 0 4 3 JJ >~<1» •>■ AiiljoJl ZUuljUJl o! /3 



iMI 

tljji Ajl3 jafl ) ' L J-*a lalaJ .1^1 ■ i. \> - 5 90 1 cLui AlaBUuJI ^ / 1 

'l l. 1 . 1 " 1 ' 1 O^AJ ^j' iALo«a Ol^=> jiJl o' (ACj »aJ (jajjfl 05A! o^J^' Ajlj9J 

.1^1 o^J 5 ' 1 1 . 1 1 ^i«-v>~i Uaaa- Igjif s j'" .‘l* lj^iaa.1 

O^ Alali- 2UL>- 9A (_>i»j ifl J^a- jaiJ' Ob3 J ‘'^o 4 *- o' JM 414 ‘lP^^ 2 Aijj^ll cLu /i /2 

O^J^l _9Afl l ' Aj Jj ^ ~ % i j ^yjl d AC^uJJ Artejaj *0'j3 ^ lJ! ‘(Aj '3 ia A j 5D ia 9a... 1 ' 

•Aj_ijb%JI 09iJ AC9ia> ATt u.) (jj'^ j -» l IJLA9) 9 » al l &£. j^u ^L9 

<U9.9"ia Lg- 4 ' Ia£» O^J^ 1 ®'=« 4 P ia^iui o^- <U9>ul' AojjbJl o! (*>-*j A-i 

•O^J^'J^ 4 *- >aa 3I o'jiJo^ 

lP^? 4 'P pAi*" (aJLx)I I4P! tpJl Aajlpl A^jiaaj! Aar _< ~t ill o! /5 

A^aj^- o^ l*aj' <093uiil (j&9 .j»Uua- 5 ?l la^itu A£=> 9a- o^ <^9p*P' u* JUjjlsJt 5^3 o' * 

. Ajjlll ^Luj>- jjuia- I 4 J Aalc 0^3 . IftjlJLa j ■ .‘ 4 — •> ll 

. A i’Clfllla Ajxaj^l JLa- 9 J 4_ujlaJl 5^3 • 
Jca^o^Jlj j^x^aJl A^a^j>- o' l ila- >.MJ <Ujjb«Jl 0^3 Ja-JLi 9 I 3 Ajj.fl.if O ^ 4 '- t *3 

a^ill |»94fla 0^3 ■ Afl l i -i na jj>- .> 1 A-.I jSJl A £=ja -9 .AfljJLflJl A A— j»luia-iU 

,A^SlflJt3 A_*k«aj^l 1 ~ ' l *~ ' jJ^l' O^J 9 ^ O' ^ "‘a i m l JL3 OJ9Ja O^P l« .Ojl^sjj«Jt Jka- 9 * • 




7 UJJAjJI 

jj-^3 4 <LjuI^A 3 Juo I.o AALofcl! Aju^bl^ t Ll ^3 k A_>jU Alrifl'i 0 jyLxi cll^ptLo 

. r —20 ms ^ ^^**5 ^ 

.(A/j) t(A/j) 3 (M/) £iot$ll ^ ^ v .m i > |3 c 5^2 lo jJLc. ( JffMuj l <j2ui /!/ 1 

• .v. JUkLLo (aLu jl.JuL>»lj l^lTl.4 /v_J 

• (fj) 3 (0) OJJ f»i (^i) 3 Ul) JJJ Av Ac jjiJI jjij Ji* /i/2 

LuLu Ugl*i.«j a( t 4 ) L$l ^4 AlasJJlj <3^ 1 2 ) (/?) Alrv»lll A ^jUujJl AajA <-jluo-I /k_i 

.<_-LluLLo pLu 

9 JLjLuJt a( 1 4 ) 3 Cl ( 1 2 ) <j C.\jluj (j<ajLua>- /£ 




- Mo M 2 

V, « 



MqM 2 

2t 



<XC^ujJl |^ j l3 /!/ 1 



{Al/) £*03!! A V j <XCj-uJl 



MqM 2 

At 



MqM 2 

2x 



: o' f*Jx*j 



M n At 2 (jU*^ 



i a jiaj ...vi ^ A 1 0 At 2 — 50 trim — 5 cm Aj * 1U - ajt ^LojliLluIj 

: o' i£\ {1 CtTl) dJLskj A ^Uvnil &bA J 3I0 i * n i 3 IjJ^ t - — t 3^3 ^ J3>3il 

l cm —> 2mm 



3 0)oV> GX))\jfc3 



®4|^yot 

OUJVI3 («d*U Asuuj Q-jy, « 
IJlA o! " 1 J, ln-il l I jib j .( 3 ^ 1^11 I43LK33 .Aojto 03SJ' o' 0 ^ 3 ^ Jf « . 

<Uj3jj 3 iUJLfli ^3 yuuj o' ^ «liLii*Alt3 > . i g -> l3SJl3 ^.a.n li , , . i, 

|J 5 L) iC(_y*i ( J^= Ajj " : ^jli Jjlr-k’iinj ." ...A.ft S'x ]^ '. - 

343 Jlilb3 4 ...j»Luj>. 5 il bL j^Ci Jit rt ' ii j i n .o 1 jjii 34)3 oiSL« A ^ 3 t$ Aji UJ3 *03^ 3' hjI£=> t(Jl i 
lijlJLii bai^Joi o 3 *^ ^jlaiub U-o >i 03^' *'>?■' g.<lif ~>~)3 q-i 3<’~. 

^ t <1— {J^3 Cy* iJUb ^Ujji l « i L l J tl 3*U a 1 — I 0<jjb •"<■■■ ■ li ," 1 

Ci^Aj i3 I 3A3 (J-^= C9^®"3 Aj ^y j=r *. I 0)3 rtj 0 3^~>_> ty- 1 ^ - ' I 

. 101 ajVI ifUbVl ( (t _Ac 

D, 1 j ->■ 3J3 ^ju • 

> a **-— -> ^Lub 3J 4J3 . AjLo- aI.Ao J_i_JuIijl 3 jSj 9 DJLuO j j} I Jl>- 3^} ^Llc. 

j£.) 4 jL*^ ^ jlSjaif! DwiA jij . j lIlJAIJI 0 ^ 51 ^ ol>.j! 

c 5 JJi ^A7 historical account of two notable corruptions of scripture (Jj^>U 

(ji 4 u*a£j J! Jj^JLU' D.IiflC. a a.~> ^yJl <Li 5 LJ ^jISJI cLuuuSJJ AJuud j\jla 4 j v., 7 *1^33 1 690 ^\£. 4 Jl 3 i 

.>Jj 3I1 ^£. 3A3 ^..i^b.i.'xii SVjao 3 d aJ ^jJoj 

d y>i JiL V L 43 3 jU • 

JlBjJ LlA 
3-u jCu Jl 

3 jJaJl 4 -jli=> j 3 3AJ ^Urili4»l ^jjl ^JUJl 

Ajuljuolj jJl AojOJpO AkLuil3J 3^-0 J'3^ ^iitflj (Jjl 

k ^=>i3SJ! JISLLI3 Cil^> 

. Jc^-L 3 «ll JJ ^3 »vJjLaJ Jlil ilJLUm A 

. Aju 3 *<bli AjLuibfl ^4 jyi 3^3 

ivlilj ^jX. a^>-LlJi ^13]^! ( j^jIuo>>3 
■ A 1,4 3 l^J 3 f >>3 j Jl>i j^SLaj ^yjl v‘.Uli 

. Aj ^3113113 ‘ 1 Al -ill , jL 3 *ll j..t a\\ 

.^uJLail ^jIISJ'3 A 4 ._k Iflll jbVl3 AjulA^JJ 
^ ^JbJl A^jJbu j Jo *4 jJ>3 
Jli Ajif AijIjJl iLjj- 4 A 4 -Jl ^ ^ " 4 4 jj 
.{Sjuk ill ^44 bfcl) AJu j jpJLJ ^ Jill ^Jlxl! 1 -Lib ^Jj -4 

1642 jy OaujJ JJ3 

1727 o"jL» j 3} 




.. , , 0,15 xl 

(M?) akkiLdi j jU*u l^u« J 5 SJ 3 1,5cm ^ 




id V A£. £\jLai /I /2 




zl v, ? = Vj +(- v, ) , js^JLi i^u^s ^ sUj 5 



jiajl) (A/?) } (Ml) (M2) rt l^a' . l l j if — V, Jj ^ A\’, , oV> 'jj 

.(Jjiaii Js^Ji 



■ (h) 3 (f?) jw 

id Vj , = v 5 - Vj ! LiuJJ 



AV 35 =V s +(-V 3 ) = ^ i .^ S -1 luajlj 
.( A/5) 3 (M3) *j^a 3 «ll (M4) diaijjl ^ l^lXaj . f — Vj ) 3 id V, , ^jU3 I jJ 

Q ( 1 2 ) P (Uiii « t l l ... *> ■ /wJ 






Zlv 



u 



'j-'/ 



2 t 



■■ i ■ i.i’C.j Ijj (/_?) J (t l) J (tj) <>lrnT>lll O! 



a(t 2 ) = 



Av u 

2t 



\ jjJ 



A V I J <L*Jl 9 ^jyx JLJ > ,IZ*J I JJ 



r = 2x10 2 S ajj> 3 >t =20x10 3 s cpI'T =20 ms o'U£= 
- M 0 M 2 10~ 2 

V, r 



2r 



2(2xl0~ 2 ) 



0,25 : 



V/ v0 ,25 m.s 



-1 



(M))£j*3 

- M ,M , M,M, 

V } * — - — - = — i ! 0 I(^ 



/, -/ 



M ,M , 
Wj= ' 3 



2t 

1 v , 1 k M j A/j = 7 CfTl JLxj ^LuaJLi 



M, Mj = 7 — = 14mm 
3 2 



14 xio~ 3 r tt: — 

v , « — ; v , * 0,35 m.s 

2( 2 x!0~ 2 ) ^ 



-/ 



( \1 \ ) ^iil ^ V^AjC^ujJ 

- M<M 6 

V , = 2 — : UuJL 



2t 



v ? = 



m 4 m 6 

2t 



: fla.t 3 i M J M — P 3 cm' : . tT»l ^bill 

. . ,, 3cm x 2 mm 

M , M A = = 6 mm 

6 1 cm 



6 xlO 



-3 

— t— ; V, ~0 ,1 5 m.s 

r 2 ) 



y 5 ~ ; 

2( 2 xl0~ 2 ) 

• Ll 4 j li "*„•> » I v‘L<C 4 j 3 / Om/s — ^ l cm ^luJl jLo^j : JjulxjJi y 

( A/y ) 4 lr> a < l l ^ Ij-uiLo-^ 5cm (. 5 ! — — — ~]() — ^ V j 4 _Jj 

y Ajf .. ^ ^ 0 ,35 x/ 

.(Alj) Al rih i l l ^ j L i.a H LuiiLoa j^SLjj 3 ,5cm <0 ^Lx*L-j V ; j 




8 ujjjmJI 



aiaaiii Mo jjiLi . T = 50ms h'jj» . D 3 C 3 B 3 A lUJ ^Uu 

.(to~Os) 

jLult p 4 J / 1 

JSJ V(f 4 )tV(fj)iV(t 2 ) ‘ V ( /y ) A jlrv*Ul p >ujl AajlS > i»i->.| /2 

: 1 J*> - * 4*i in 1 IjLd /<5 

9 v 0 =v(t 0 ) AojIJQjVI 4£^uJl ji. \~aa 3 .ACj ,,I il a ^ . A > \ ~1 • 

•vr/j * v^; . v<v * vf'j jw4 
/j 3 t ! ijj l l rt-^ll l j d( t ) £_)Lu*jJl (jiajLai. /I /5 

9 ilij IjLo /u 









^ v u — > 5, 3cm jb»j ^..ijnii. 
lcm -> 0,1 Oms ' 3*3 Ju^i ^ 

^ v /.i = 0, 33m.s~' , ol a>i 

ZlVjj /dv J5 

a ( t 4 ) « j- = ^ : JLS»j <L2u ^Lvll (j u fl i j : a ( t 4 ) £j \...-.W 



2t 



2t 



A 5 — » 2cm -is*i ^Uilb : v 3 5 

]L 5 «j fiiuJL. A il.~ ...VI ,j 



Av JS =0, 2m.s 



-1 



a(t 4 )~ 5m.s 2 > 0 i\a(t 4 )& 



0,2 



2(2x10 ) 



— 5 1 1 i ^ 



. A V 1 L>- 4mfl 1 3&t 1 • 

. (jLull tLsul jJUU (J»b j»j) A \’i J A#>- t itgsjl • 

a(t 2 )»8,25m.s~ 2 

= 4, 125cm a JjLa^buio JUj a(t 2 ) o<Jeb 2m.s' 2 —> lcm |*Lji 



. A Vj , a..,a\ 3 & , • 

. (jblil dim'll jJLtLi (Jj-lj 3 m) A V 3.S » t <^xll • 

a(t 4 )& 5ms ~ 2 :2uai3t* 

(JSaUi — = 2 , 5cm ^buio q ( t 4 ) q\ jo«j 2m.s — ^ 1 cm ^JLji 

. ( 

tOLUJI ^ _■ _' ~ a 1 

■ AlamJ ij > fll'i->_i a(t ) p )LuaJl 4j • 

. jluill cLbkjl jJUU Ji>-U 33 m j P )lm~lll 44p>- * 

. 4g7«)lj jjjJu L 44 I /d V 30 (f) jU-bLiUl • 






v(t,) = 

v(t 2 ) = 

v(t 3 ) = 
v(t<) = 



M q M 2 


_ 4x2x1 O ' 2 


2t 


2(5x lO" 2 ) 


M,Mj 


_ 4x2x10 ' 2 


2r 


2(5xl0" 2 ) 


M 2 M 4 


4x2xl0~ 2 


2t 


2(5x1 O' 2 ) 


M } M S 


4x2xlOT 2 



2t 2(5x10 ~ 2 ) 

: D jail ieLuuJjlj 

\ a 4j jjlj ,J j} 4.1 £=-> js*£ ,4_j^L uJL*j 4_Loji JM>- 7 T ^ » 4ji U-w M \ 

.^LaailJl 4jolj ^SLj A d~.r 

v = v(t ) = v(t ) = v(t,) = v(tj= 

ela.1 j ojjJ ^ j tff 

V = : jUull ■ ^ < <i i ^ i . *4 

4r 

/? = 3,5cm ^Liiu 

^ — 7 CTYl — 2x10 m i Jbu ^uLulu AjIjlIu/^Li^ 



1 




nx7x 10 2 . ,, , y 

v = ^r— = 0, 3.5 ;r w.5 « 1, lm.s 



4(5x10 - ) 



v» l.lm.s 



A£L Jl yyJLJ /! /3 

jb^j ^ . 1 , / m/s 4 9m/s . 0, 7m/s . 0 , 5 m/s ^ ac.^ J ia^Mj , /I a . 

• ( c — 50m.s ) 4j 1 , 4 ^ 1 5jbiJi j uj i (0,2 m/s) i*£i jIjloIi ^na * . 

• 4C jLu-lll j>U ri~i )L 3 ijouil 44 4±==>^>Jl : 4 ^d j3 *. Jl D JLA v __,4-" 1 

(//) a lrtull l <Utaa«Ul to — ft? Juiljuj^l JUixUl J 4£. ^ 4 <jl ^ AC. jmA\ • 

. v(t, ) = 0,5m.s~‘ 140 a 

1 03^ o' * a . 0,2 m/s _i jbjj ic^y^uJi jjl i*j^ 






v 0 =v(t 0 ) = 0,3m.s 



-i 



t> »3Uij ^ 0, 6mA 4 /, 0m/s . l,4m/s . ^ jul^i jl . 5 oJ ^ouu i^uJb 

.( r =50m/s) ^y»j Ji i _ >i ou jvu (0,4m/s) s\ juaii 

. 4 ^Urfc"i ill d jOuLil 44_*fl1«tll 4l==> jo»J' x 4^=>^xJl ajufc t ^4“ i ~ l 



v n = v(t„)= l,8m.s 



-J 



’. (ji Jc%j 4-4^=>b«Il 



jaii 

b!>=«^» JSJ jUli ajjbo / 1 

■ 4 -S _yjb a jLu_*J // -*U 4 J-f 3 «J' . 4 «_ 4 fl~lni H a C j B j 4 

JSJ ^ulasOJl ^uJl ^_,1 / 2 

1cm 2cm ^ aauai ^ 51 j, .•. ,. 

M 0 M : 

' ; M// « 1 OJ jjsial] rt.uujJL) 

2 t 

M n M, = 2, 5cm 0 i o=b ^biju 
2, 5cmx2cm 2 

Mn 7 — 5 Ctfl — 3 X 1 () IW j JLxj ^jjjLuCLO l / \ ^ ~ ■ . f ^ 

r = 5x 10 2 s & t = 50ms LuoJ 



-r- = 0,5m.s ' 
2( 5xl0~ 2 ) 

M,M 3 3,5x2x10~ 2 




2r 


2(5xl0~ 2 ) 


m 2 m 4 


_ 4,5x2xl0- 2 


2t 


2(5xl0~ 2 ) 


M } M, 


_ 5,5x2xl0- 2 


2t 


2(5xl0' 2 ) 


M q M 2 


7x2xUr 2 


2t 


2(5xw~ 2 r 


M, M } 


5x2x10 - 2 


2t 


2(5x10 2 ) ' 


m 2 m 4 


_ 3x2xl0' 2 


2r 


2(5x 10~ 2 ) ~ 



- 0,7 m.s~‘ 
= 0, 9m.s 
= l.lm.s 



Jjiib 



-1 



1 Ja*j JjUJI jufli 1 1 3 4^11 4 4444 ilU 



MjM, 



2t 



- ? 



(Ms) £44bjll iajLj («J 4j 3? v( t 4 ) 4_jIujJ»- ■ "i 



: C 0 J^Tt'l 4 l 1 A 4444 tlb 

4 £jo 4J| OJ^j o' £ 49 ^ 4«bj U 44 ~ <a 4Juji ^ fftjj 4 4jjl44i >4 OjUsLuil 4_)^= ijl 

.-.IU 4 -.Ul -- — 1 ^ Ajj' I.j'n 



( 1 1 ) ^ d ( t j ) /i /5 

! O ' (* l*j 



a ( tl ) r v ^ L - v >- v ° 



h t n 



i / 1 a i ... n i 

4jU^=> jSLoj aJlc^ ^>*^3 U4J V () 3 V 2 oV® Jill 1^3 a jLxll 






a ( 1 1 ) £jluijjl Aao 3 -ib«J ^ <VjluiI 03-i 4 j0jLlJ| 



. . 0,7-0, 3 . „ 2 

Q(t,) r — = 4 m.S i JLs«j jiAj axllb 

2(5x10 2 ) ' 



q( t j ) — 4 ms 1 a ( t j ) iuxa3 • 



* ^0 3 ^2 Aiiiiu • 

\ 2 9^9 ”1" ( — Vq )] dJu^Shit • 

> D JJ^bJ-xUJ 4_lujJJL) 

/ > V 2~ V 0 1 , 0 - 1,8 _ 2 
d ( 1 1 ’) — — z — ■ <V ms t <d~ijii a jLuli o^ aJu vL^Ji , )■■<» < » 

2 t 2 ( 5 xl 0 ~ 2 ) u 



d(tj)~ -8ms 



-2 



4_4_jJflJl • 



■ 4l l o l J. 7 i.A 4*"— > O^ 4^>» ^uSlJU £jLuUl pi ^jJXJ ( — ) DjLui^^ 

. V 0 3 V, 4m in 3A : • 

.(A£.jduJl 4£>- ) 4j^=>^pt)l dL*j! jiA 7.1 : • 

t ( Jj 4 _A.il i, lb 

/ > V 2” V « 0 , 8 - 8,8 _ _2 

a(t, ) = — 2. = — = fl /w ..s 2 

2r 2(5xl0~ 2 ) 



4 . a l rw,jl ' 4 ^jl2LLuII 4‘~->^3fcJl j j»3 Jul>3 ^ d ( t j ) — OtllS 



D oJ jot-iA-U cllujjJIj 



.JjUcasJJl ^) f => j <Ujlj IgJX . ^3 4.^14 i 4 * L 4_ jJoiui _4 4^3 j ^]\ . (7 ^ 

• ^ = = t0 jj 

■^ b^D »lJl 4 jjb I4IC. d«l r » ~ i i a 4 ^=^s«jl : D 

1 o - i ! 



v„ = v(t 0 ) = ljm.s' 



V(t 4 ) * V(t s ) , V^; . JUWJI^JI Jai^/4 

(A^) . (A/})i (A/i) 1 (A//) 

0, /w.s ' — » 1mm . ji-. si 

: /I wj ‘ ‘1 ' ^ tfULLajJlj 

. 5mm 1 j .(M/) rtlrta ill ■•> j - ' ■ ^ ^lx*iu V ( 1 1 ) /) •) 

v (t 2 ) -^>7 mm . ^ r .iia,.,.-.ii, v Mi Jl .|,-, 
v(tj) —> 9mm 
v(t 4 )—> 1 1mm 




1 B bJ ^a*J L »U <UmjJJU 

v(t,)—> 14mm 
v (t 2 ) — > 1 0mm 
v ( tj ) — » 6mm 

1 ( 4II 4 1111 lib 

V= 0,8 m/s = ojb 
: D A4.1) ^jLUijJb 

v « l,lm.s~‘ 





! <*« _ » fl , ) l J lli l j» jij 



v, — v, 0,9 -0,5 _ 2 

aft, )-— i- = — ~4m.s ■■ A . ^ 1^.11 a, ,■■•.» . 

2r 2(5xl0~ 2 ) 



a(t,) = a(t 2 ) = 4m.s 



-2 



: vJLxjli) ^ jl.ii 1 ll 



Vj — v, 0,6 -1,4 _ 2 

— = —Om.S :£>« 



a(t 2 )=' - —— - e — " 2 



a(t,) = a( t 2 ) = -8m.s 



-2 



a(t,) = a(t 2 ) = 0m.s 



-2 



a(t,) = a(t 2 ) = 17,3m.s~ 



2t 2(5x10-') 

1 OjIj pjUjJl ,ji 

. . v,-v, 0,8-0, 8 2 

a(t,) = — - = = Om.s 2 , 

2 r 2t 

: j*^JLX4 £jLulJ! (ji 



a(t l ) = — = Hdl~ = 17,3m.s- 2 ,D4j*2» 
' R 7x10 - 2 ^ 

: vJLulii JjUlUI ji 



> /I a ink i)b 

4m.s' 2 — > /cm ftLJi Jlili Jxxu, Jk. 
( 1 cm) i£=> a$>- ^nju g a ( t 2 ) j a(t, ) JJlAj ijj 

I Bj3j3^A\ 

a(t 2 ) j a(t,) Jl*j 1 jj . 8m.s ' — » 2cm o-i! 4m.s- : — » lcm ^JLJi Ljjl ji-U 
.(-8m.s a^=> 2 ^«ji 2cm 

1 C jjjn"lll 

. 4 l* >a J ^ I jj 3 Jul* pjluiill platZZS a(t t ) = a(t 2 ) = 0 

i D jJjjZill 

(^-“j (,^' j * * jLiiu ijj . a ( 1 1 ) = a ( t , ) — 1 7 , 3m.s 1 o ~ ■*-— » a! p )Lajji iu^i Laj 

17,3m/ s 2 —> 2 cm t jS->lj*-u*Cu> 
(O) 33^ a(t 2 ) 3 a(t,) 03^3 




v,-v„ 



a( t 2 ) — — 2 I » 1 ~i^ 1 ^)i ^_ilr>~im '1 ^ JUJUj ^jjlJ jlujl 

Jl CjUii ilaJl iSJLa-! J l»l.., l .^Sju - . .L.l l Ij 



h l 



a = ■ 



R 



djUxlli a Llulj AglrSI ill Aj jjljJl p \l ~ ll w \i ^lsu i 1 A aj^Uill 

(Ilf 



a = - 



7x10 



7 * 17,3 



a( t, ) = 1 7 ,3m.s : -. A^ZaJi • 

. jLull jJr-kft > iUAJ : * 

.jLuil J a • 

Zl V 1 4 t t 2 AiU Jl 

zlv=v 2 -v„ (^-vj 3 v 2 



Av , Zlv 
a « — — 

zl/ zl/ 



j (Ai ^3 A V' J 3^3 (jjlaij j» 3 ii («j 

a ( t ) JJUii j> 3 Aj La I ll Ajj^laJl a ji jj-LLui 3 

( Z 1 ) au->lll j a ( t, ) p jl... ~ ll ^aJLataj- 



- X I v i~ v i v t~v, 

a(t 2 ) = - L = ^4— *- 

0-'/ 2r 



4 i==> 4 .t_a a In / 1 

: a 4jbjl 

.^UCLxui-4 jLul! • 
.djvXX4 4^=> ^3*J| jjjJ a*0 • 
■ 4.il rr> l , 1 . 1.4 i^Lu^^lxILo (J y V • 

O’ * 1 «n i • 
: b 4 Jb%Jl 

I jliAlA’ • 



4 < lr*> l li i .4 b J>juj* 4 Ajifl",.. A )| 



•fljviia <b=» Jjjl o j! a *0 • 
4 Cj LujLa 4 ^*Jl «* a '« CJ g V • 



4jCjLuJl4 b jyjLLa A a j7i~, ... a r r " ■ " , , ■ '> • 



t C’ 4Jb*Jl 
jLil! • 

.o jj«Ji o jj a = 0 • 



A a lrS~i i a A a l 7. ~ . . . a 4^3 o' 7 T ", < "... 'i • 

i d ajbji 

jLuil • 

o' ■ ~ — < • 



daltVi i a AjjjlJ a£= ^jkll 



‘ f } (? o'jJ' j *'' 

■ Q ~* 1 a jluxll • 

■OjJl la a & 0 • 

(_>"L*ll (jlt CT icjUiiub |» jin AilnljJbs ^1 Sir jl...~. * l^jl jj«JI ■ *j - '• Cl 

. Oj. ( _, ! « ' a l l ^jUuoJLi OSjju La . 1 t» i ^ 

■ Ac jl ji. ~ a l ~ 1 ' 1 1 ~ — » V i a T 44 ^* o^a • 

4 i==> Cijlfs V 449J <UiA.^->ljL 4 Qj 4 £> vlui^s 0)3 * 

. ^ ^ t 1 *« a 

ol ^uuLaij 




4^jLllIc4 b jyXJjQ 4.i.Q»i4 £? 4Jb*Jl ^ 4^9^9kJl 



4 *lr>L.i4 3 JOU4 4 j ,il T 4 4 / 4Jb%Jl 4i=3^o*Jl 3 



Juc l£j$^u:) jlaill Cjt Lc. ^ibLJl a lrvfl»i4 :4Jaa£U 
,a N C^aJoLJl £_)LuilJl 03c. jLi (^Ull 



jsjliill /l j 




9 IJJJAjJI 











J-JI 

wflJj-XJ cUc*£,} / 1 

(*-*-> ^y-3' f <^=3 ^UiiljjJ jdluaj glrfcufcl iauUj-4 (Olx4 ^b : ^y-bjifl ^yfrlrffcutll joixll 

jiR jdcx^u 

4^ulj AjMDI y£=>jj* d^JLua ^1x4 : (^ ^4 jl l rn ( 0 . 1 * 4 ) ^uajifl (oiall 

Jl^Il 4^=> O^j 3' jj-4j J^Jl>- Jj) 4 j>^-~>loi Lujiu L& y\jxj .DJulxj j*^3»j 4 -»Mj $ 3 *j 

J Ju ^_yJl |> Lu_>. i I 4untjjJ ^Ju^xj ^2b ^ ( Itf" -««lj > 

3^ <\s h~ u dj^b*4^ - j..a.Ml y~=> yz D 3 JU 4 ,0.1. *.4 I (^>u5v_a i , olx4 ) ^uQaill S f ==> jll ,-olxll 

. ( 4-1 i l l ^)- 4 j J 3 JL>- ^ lib j>J-JU Sjuuu f* £ 3 «j AjVj 




3jI£. 1 jj .IgJ > . i ^-d ^SJl 03 ^* J-* ^ **J u )j<34jllr>.i ^yjlj^jJl <jl^3 

• ^^^4-JJ^J J! L yOji/l jolxii S i^i 1 J Lo 

IjJ .l^J^>. », , < ^-> l^£Jl ^J4> 0^3 ‘03^ >* *^u £ 0^ ^£=3 Ui 

• ( ^T i 3 < *~~ > (^1x4 ) JLflj-3 ^juaSuU 3 < ~~~> L^! (OJLxll .-.UH-'iU 

t ^tlr*ii» Ulm>-I * Ifriill /I / 1 

JHj • 

4j • 

' — fl-3' ^ ^£33 *-jj * 

)l |Oixll ^ib (>Lu> i r ' dJL£b 4oiitjjJ wxuiUi! »^}j) 

^jLJl J^uilt 

■ v __y-bj ^fl ^^i=3^1l jOixll ^b Ai=3^3«J' OJL^J v .AUlllll £^jlld I JJ <p*- J <JJLj ^ 9 jlxO 



wJUJl a^mll 

.(_!»* J> 2 ==> _/!' (oixll 4^9j£«Jl t> JL^J wbuiLkll ^>^lli9 IjJ ^>- j3_£ ^Lxj 



0j4- aUi, /( / 2 

<Uk :3 t(0,i ) A^a^aJl !»lu ob^l 3 I obul A^pjl 0 U 31 JJl3<y ^jj, ^ , 

. V ab4l JJau («j Ai^ l « tj<V sb^il ^jlr>~ < mi V fJ),^\,...y 0 ^ 

•^- ‘ ) '^J^' (^4 M»il' J ^43 ^3 (6) 3 (5) 3 (3)^2 1.t..,, U | 

. i£=>xJl (kiai w-JLJl ob^Vl ^ (4 )*} I ....IIJ 

a£=> 3. Aaooia JUJbo /^J 

ab4^l (JjJlj j ljl^= Ij^jS .IjLa a 3 V olsul AjSjjl*j A^s jj>. > . . ,i n s ,^- 

OpS Cl = 0 O^ 3 li! . AilaUik 0 3 $Ci AJ=> ^3»J| ^ii.i g ->bLx« JjJbbul ^ Ljl^a ,ar ^ 1...-, » 

4JI>-) A^l r t l \a < Uj a 1 i u <i ~&t==> ^ ^p»i» OjS4 ?' ( V = 0 SJl».) Li£=>Lai U> 03^J C - r l ‘ 

•( v = Cte 

• U g . < l*v . l aJ^a v 3 aj> 3 Lxj> a Ugj- " i ^— 1 jj. juj^ ^_ < 1 ->~ i..i 1 V (2 ) 3 (l)dbjuuA\ • 

V 1113^^X4 (ACj U 4 ! J Ul (j >1 U g . l ' l ^-. A j, l hI-» , \ h 1 - nj ^_ilr-t~<m') ^ (4) 3 (3) (jb j l ...,l l • 

• 1 4 ^ < 1^1 

• Q < ^“r 1 V ACjl...~i 4 (»ll r 7>~i ib a jyiCu» Aa4lLx4 ~ A ‘~' • ~~- ;■>'' j (5)b jLluJI • 

. V ( _^u5ju Q A^>- iCJcaLia ^llrtViLi a jjiia 2t4ja~.„. 4 a^j J j—~~> t (6)b jLtuJl • 

. a — 0 3 v = Cte AxlajJu* A 4 . 4 u.«i 4 a ■ ' i^--~~ , (7)b 3 \jjuA\ • 




10 |] 



! U Uujau u>f 1 / 1 
^-klrtmll 1 a1xII 
u4c»j if I lSJ>-^=> >il (Ai»il 

^..lAiiill ^Sj*rrz>j\\ {Aijfcil 

. jj^n il ,. lffil.N 4 aA£. Ajaii^ll Ak n J*i^jl ,_ 7 lr>aj /2 

. Ajl 3 ^Luj>- if! A^==d _U>- Au.ljjJ > _ j ... llll ^>.^11 ■ 4 ^jSL] JJL>> /I 

.Lliul*-! j'jj (iuLiJli.) JuJllaC L * JUJU JA .A_ui/Ll 11 /w* 









=5. 


p 1 \=^~ 


It t 


r 



? Lj-ubji 1 julrmi lAjb <Cl ^jSLaj .45001 / 1 /I 



$ Uxbjl W-^lrrun laUa ajlfiCl l _)A i | j» l _ T f>- jliOl .-jaljlt /2 

? Lujt ji b-ulrtu Ulu Ugjfl l J^s _^laj Jji -2(* JiOjjl ..jSIjIlj .4_i ^.xll /3 

? bJllaC. Ulu lag i a — ■ ^_olj . (2j*) .(if*) Jflfl'Tfl" 4 mi ilb /4 
: J4> i>JL»- t(2f*)j ( 1^) iJ^aLiaU JLuuJjb A_j 

4j^jJl jlm 4 / 1 
4_l 4 £jju / 2 

■ (wJlSl>.Vl 4-ijjdl l$J £jj»iU,_yJl 4 jl 3UJI a^ilt /3 

9 A\ a" ,,. li Lo 

.j^ojalSLia ( 2^)3 ( 1 ?) Jl-aiadl /J 



.^^jajifl 4 .... ill I At 1 - .l.i, 1 I J >. ji 1 i-^O.... I i\l. a 4*C ... l l jl i"f I ^ ' <. « '. / 1 /I 

b'frlr'Tm lfl l. 4 djy CLJ IjJ ^In iit i) 4 I m li b -> Uai 0*1! ^£3 .4l*>~»U - 0 3' 0 (if*) >— / 2 

.IjUAjl 

lofj i a bi j\is u V IjJ .(jjajifl gitain) 4 mi i lb .( 2 (* ) LJ l^-ljJl .-jSljllj Aj^jJI — - /3 

• Lujjji l_i-»lrv» laUfl 

l_iUU.r Ulia jyULj ^yibj^l 0 -»lr->mll ^'.ll ^}t ^Ui LaiSnj .^yubjt l _ J aJLaun (ftlta ( ]j») (ttlall /4 

• ^UaC. ^OLall $& ( j p) f«lalU> jjl 

UU< a ^fJbu O^! ‘ ( I f* ) I'bjuJJ 4 j.ii.JIi V 7 4j jjlII 4C . juji L3 & 4jjb 4C ^m-i ( 2(* ) j*l*il O' ^3 

.LjJUac 

/-» 



4jt£tJL)l 3 ^joJ' &£. jjm AjjjJl jLt4 



Fi -0 

slijsmjj 4jjjJl 






^la^ll a i„. iH . 


(l^) Jfl^jjjJb 
4 ojIj Ac j..l \ 


v i v 




(i?) 



bojVaxu boo V> gx))W> 



. ( 4 Q IrS ~i \ 4 tUi_j 



<UJUaaJl i^Jlail 

4 S 1 ) iLbb 7U.JUL+ 4^=>»ali $i .l ^.O iUiuJjb Ju^UJi ^ 
^=>>>- aJ^sOD.^jifi jdauiiaUu I 4 O 3 bu) l^lobu ,*.<<^*13 ja! . 14 -uii J3 ai L) bjii 0 | L*JJ 
J3-^ O^J ^ 1 O^ v ^ l ^“ ' 1 1 l ^ 1 cA^ JUa»Jl (Jlall ^ JUJbj Jg^JU 

0^*4 ’-jj 24 J^J>- iJ^\ 3 a j5 J Igji JJju b,„.,J Ojjiua 44 ^ | fl „.^-. 

Sail 04» j^=>\ oi^j aol Jiifi ^ .l^ubLi ^j/i 4 ^=^ ju^j 



^4=*^ JjL ^ J3^1\ 

Ou^aj 4 alt ^. il r-tij ^ oa! . jk JJ i jjaj |«lx 4 <Ujfl nl i J 44a sj^sjM pi-i ' ui 

bjjJ -b O^J^’ O' ijr^aj la»- ijjiuo ,jiifli M l J^>- o^J^ 1 ^ >“ O' -^ HU.I i ^l.l i 

. jjjjjLb 5 .bJUac UUfl e^ojbfl ^3^^1i (*lali jb^i o^ lal .<u*fl JMil ( _ > ^J| 

>^»aj jlSj .(ji.fl J i l i o'jja 4 ^» j^. o^ ajo- ^_<j jjuj LJUat Ul.a a ~ . ; 4 ^...^.t.i i ^1.1 1 

.4 Jill 4 in -ZjI ^jUm 3 JlXJ j JuOJ 

1 1 Oj>ajJI 

: Iajl 3 < 4 jiol^Jl 3 jL_xll iUi-^ 7 r . .-^1 









OjLulIi 










Ajub AJLc ^jjj ^UajJi ^ll 


I 








j |> _yjl AC. jmu\\ |*> j * 
A«.jd4 J ^Su A£. ^jjl J> JL£. 
•ey*-3 j' ,«i»l <UflflijJU 


v-J 








l 3^' 3 *-"*a AaJUa^Jl ( *u>-|^ll » 

it HU%*1i t i . * l^j i o 


s 








lo^fA <UL»> j AjIaT 

■ Lu43 y ( 1 ■ .. m«fl A J- ~ * 1 


4 








<0l»> ftjUc . 

.<G_jIj Ac j“‘ > 4^—. js>- 

. LlIUoXI Uix4 o y>'iai 


Jb 








ij jJL 4jUfk*)< LLl4 


3 



.4 ^_ < "»i«^ (^) t (Jb) i (-p-) t (b-j) 4 (1) ujljlxaJ' 

: c _ y A 4^jo^uaJl 3 jLul) 1^ 4oiol> ( j) 3 jLjl11 

•( b^ 3 J ^ ^ /“ » 1 ^ u 4j5f »Lfubji Usala^ii ^ a ^,, i ! . a iOL>- ^ Sjl^c v ^ ) 

1 2 (JJ>AjJI 





^yjl 6J==>y *. Jl ^ (<LolcxUil 

j\uA\ ^Cj i a .. 1 1 \ y ~~ R 1 ^ i laAA /I A .'**•"-> LUb ^yJb^ . 2i HL-> » ll I, . 1 , 1 4 ^a.^j 

.dJlLxxll IjLl 4 I^jAc Jj-ilxJu V JUJL 13 -]<v_.fl~ ... ^ 
ijll 4 ¥ <lAc 3 j j . *~i s d-c^ajJi ^Lxj-u JUJLj 3 Ia jLa * 4 4 C Lai • 

• . AJl^xJl 







O^ilJ AjjLuJ /%, Ojju JJilaJl £jSJu jlJtaJl OjJJu . /%•/ a^iu AjJUj jlJbdl JjiiaJl ^JS-Aj la.Aifc 
^1 j ) i. i I kaJbJl Q^jlaJb u£jju la I *^jab»Jl ^i.fl 1 ^ ab»j^l l^J am*~~»btag aJulJl J§ AjcoluJl 

: JjJaLtill ^Ixflll I 



F Vu ~ Fm ‘ 



Vf 




1 5 yjjAjJI 



jAjIi i4 4..1 J % J^jbJl U-J Jid3 IjU . <0 M iajLs«Jl jJulu3 i R 4-uii jJt UrtjL>- fli rt ^.u 4 1 j 

9 <^Jl>Jl $jJt> jaxt-cu ^£JJ 1 La 



f 2 = o 

6u£—Xw iu jjlII o ^ 
( 2f* ) -1 «* .... ilb 



v 2 =0 

q 'U 

( 2 f ) |«ix«U ini ilb 



Offcljj il lrti'l (jA) dU~.| 



(*i**U a ..... -.i i, 
(2j») 



ala ' ll n it jOljjJt /£ 

JsMia-b - a U-i . j jLilt) £>. jit yk Jta'iju : . 

«_aVi>-lj . a l' i Vi A£. j-uJl) jll ^^1 £. -la'ita ; dr ^...ti • 

• akSlSko AjJ Uo all ^JLxll ^>j J^jjj IjJ . a_.IIU>«li ^1*11 ^_i^->. a ^_. nit ^..ir. l^J . o^jj\ . 

•ObilSia (2(») 3 ( lj») oUiaili O^! ‘F t =F 2 '-bJJcWj^'IOA^/j 



13 CM>ajJI 

O^l a a l l Llia )j ( aJ IUll l Ijoa ) jjjamifb >*iH illj Jjbfl jjjj^jliJl Ijaj U.r l / 1 

•^sA/Ji lM- ( JjJabjii 
.aJl biil l Ijll 4 ^ g a n'i ^yjl a^s^jkJl lUJUJl >Jjl^3^a«Jl jJJj ^y» \ .\-*. /2 




cMI 

(aJUi&aJl IjUa) O^jlaJ 1 / 1 

- ^ bbUo! 0 ii 1 1 jjjtiLi aji£. Jl>> 

03^r) WJ ^ > *.1 LS^aJl ^JAS«a (»Uua»- aJlia£. j£=>jJ> a £.j*u jjiaj («J tj| JllaC. (^Ixa j 

^ ii^t)| j , Lu^Jula 

OiSb (^oalsJI o' (J! <S . JUaC. (AtJLal atm ilb V = 0 3 I V = Cte alixa V j .■»''■ («J IjJ • . 

• /" — 0 a . il f j »a atSi I a a a j 7i ~ . . , a a^—% j i. I , -i ji b^sbu laj 

• ((JjJabjii jbjLali ljua) ,_p Jjllll o^jliJl f'jaj • 

^, 1 ^ B aiajji (j^a F o^iu B a _ . ?_ i i i Tj a ai»a- ^jLc. /I a.i^.i iK _■ a au>. o_pi ijj 

• Fy^ = ~Fy^ i i^l (Jal^jl !_y^aj al^j^fl ^ a a jail ^ a gju A ajLaa«JI 




1 7 {jjJAjJI 




• 4 lln'V :4 4 4 T. :3 4 ^ J ^ t ^_<- 4..--4 t 1 

0“xJ V c3 F Op* >(j ~* ’ < * lAjluia j ijtjJjut j±L F i£$i ^lu-t-nl iitbli. <OLasOl ■ "■ - l^-. 1 jl 

. A^ ^l l j jtfl'i j (jdJu 

t 6 * JLjo«xo t 5 

1 8 QjJfAjJI 




bo)Vsuoj ouo\> ao)\j&j 

• • • — — 



iMi 

* Fy u O""^ J J<ajbJl j >>*? JilaJl A/ UibJl JilaJi U.i;,- 

.jjJjLUIi jjiaiJi Llui wx-j* F u ^ ^tti ijiai JiUli ^Ij JLx ajjoj UilsJ^ 

OjJjLiiil OJuh £ £A Jaiia 4,jiil jJb iajlsjl 4 _j jjlo i)l»- j L g .L... ■■ a n s- i ^ 

•M & U^j-ui .ouij 

-jj JA IOA 







." / iajoJl Jx ^iulj j a . t-i . _ i " 4jjjJjLuil jjljLiJl I^Lui (iQiu joJ (jjjl 



1 6 IJJJAjJI 



.(jj^JLtJ ^jllll l_y-\ .1 J*~~> \ / 1 

S (_^U3l o$iUdl Ig j l x (3t j->j ^yjl aLtsOl ^ oJJtoil djaa.ill jjA U /I /2 

9 104 ! (^uifl lo 4 juJLtX /wJ 

,dljjl>.j J^IS 1 4 fl_i ilrVt O^ilill ljufc ,_JA /£ 



J^l 

OjfcfjJ (jjUJi o**j / 1 

tlO>- (J 4 ^~> 1 ~>- lS^IiOj 4 tn 4 <LtS jiK_ ia dJU»- Jx o j^jll F l 5 $ill f '}' >;*■'* 4jl^x pi*, j 

• /*” = W<3 i Q^jlilb LuLtOabj 4 Jl X 3 • ^ l 4 jJllaX 'f j k "1 1 ~| *-— > 

• IgxlUe a C IjiA Ij i lf .U-4j ^t)l sOasJI *» ^ I t il-va .I l /I /2 

Uj» 4 <( 1 » 3 J| ialij <Uii (^lx Afl<ilr>~! Jjt-oj if o' V ItiA : aU-^ M. 

aill-4.il j j_a ( _ T lx ai.Ui 

.( <Oljax)l j£=>jA ) -J i_yibJl O^jb^l (_,«II 4 J QJ / 4 _J 

.(j UijHil l) a_.UU 4 .ll |«]lall ^ jaii aa_- .tv. t t ^ j iUll I i*. 

L9- 1 1>* l 5^9 iakb] 4_t»j 4bJUo OJirfjJ (jijj (^jSOJa 4 Jliax ^ f«Jjdl ol^> O! Ul 

. a_jija.li iS ^aJi i^jj>.\ 



“UaujUi Ajjli*J i-aU oJjUi 4 S^^]| ffauffl jfF c&iljrJkrflffl | 





20 ujjjwJI 



J raa. . .-a JMU <03 . J o, (;0L>. o J l&) iai. 333 iOjli ACj^j ^ JAU 

I^jo U4J3 5 J 3 af t 03ias , ^ JUJUJI 31 .(^ ^1 aJl>. „ oa) (O 

5 ^UJl Q^jliJi 




J=JI 

4 * ^*~ ' 1 a 44 - ‘ a '“ ll< 4, ‘~~ ’> > - f ii i iii * iai. 333 liCub 'AC OJ j-*'_< JiilaJl 0 ^=> ^ ' 

^3^1 AJUaaJl l<U 'AA^jj Oft jy^jj = 0 4 1 f*3JL« <uk: a >^1 ^3^1 £3^ 0 1 ^ 

, * ‘ ‘* 1 1 1 ' 1 1 -iaiLu <3 JaiaJl J»j Lj^uu L»JJl£. <USJ J 3 */l ^laJb 

J\ ( K) 'AIao iU*3 .Cijbu .A3 0£^ 0 I (jAj .CbOa- oajJL> <0U .^-ii 3 j (jia- 

•'■--."-‘i <u^a^>. ^,1^ Jaj U .u Um 1 ^1 ^ (JilaJl ^fli3J < 0 aaJ (Offl/s) O^Jbtil jl 

. 4 JUajl)I ijLxAJ lAjuafl j ^ j ^3 

E r_ A\> /I v 

r - m , 3*3 0 i i^(^^ l O>j^ l ‘U'^»iJ!UjtSJ>i'aA3 ?t 0 o -i' 

J/ 

•Lp$i-*J J 3 ^' lA 1 < 0 b»Jl ^jj 

•0H 3- 1 ' lA^jnfl ) : <L<jiuJt 4 JUJI 3 

; 2 1 ijjjauJI 

t 53 Uj AJ313 2-^3 R <_u t* jk. / 5 mA i^jLojlb Vy 4 Xj-«j 5 b j£=, u<.„-, 

^Ss^ac 1^1 ol^3 20 m.s < ai 3 Vj ac j... 1 < 'i<* jq^j |0 l \ j 1 Al l < 3" . .. a = 45 ° I 

1 0 , Is 3& <_i j^alLi a >SJl ,_jj» j qI ,'iolr I j) ,i_i ^.Al i 3~...^ 

.^lv a^SUl ACj^ui jyJLi <* A 1 * / 1 

^11 i‘ i l l bj*~—> A~! y.~i *— >1 p )l...~ll <. ,< ... I /2 

.5 O^ill (jit y? Upl^kilil l^j ^jl ^Jl Fy* 03iJl JJjuu JU^j /I /3 




‘ I * 4 -*_<-% i oil CiLiLkVI / 1 
• J‘U 1 i^inll *JjL)L>.yi /2 
. J i O t 4 . inll JjLI ^.^1 /3 



1 9 (JJJAjJI 




.oii^ui- WJ F 3 V oif a^LLb, Sjjii. ^,- fl -.,„« <U^=^ .. M 2 " j—V • 

•obi^ 1 3=^ F A<1=>-. i g 0 jJU <U ^> ^ , A/j • 

• V ^ ^ 3 F - F, + F } =0 ijil 4 a lr»* i 1. 0 <U.J fl’im » <'.C ^,3. , \f 4 . »1 ^^--| | • 




' 'lotion 



F % ^cajLua.^. 

.5 >, ^_yjl wJ^kSU ^4 <Ua 2LJ1 : yoLjJl A^IAj • 

F % =F*/ b = 32N , d^ji • 

.^UJl ^SLUl ^jljfc'ub ^4 : ^4b%Jl • 



22 |>§ jjauJI 





.F % 

? R o^l j£. B ©j£M«j ^£^11 F % b$eS 



iM 

2.1 V 3 >SJ! A£.^uj jou ■ *1-^- / 1 
. lOlYlS > / C/W : wuiillit ^JLuJl j L i -v lj 3 Vj i Av = Vf — Vj LuJj 
. 2 CM <0 ^lo \ ; 2 » /, .5 CAW aJ 3I0 ^buio V| V> jl 

. z1v = 52aw.s 7 iajl43 Av -> 3,2cm » a^ai^u^.v, :Z jy 

£/ <. a Ji •> > >*~—» JjLj /2 

.2 32 zlv 

ca — j 2 ()m.s i ci — — s ^jj i ci — jvjl aUj 

o.y a/ ^ 

‘ ^> ^ ) Lai ill ljUk 

.'Jif>- I ^iu 3 

o^ili j^-uu jZalS l A t 3 Zl V it»ji Uaj£. pLslo /I /3 

/*" = fUU (j^jUoJl Jla-xiyuL; 

•wA j-uail ^pjl / > d^SJl ^Vo AlajflaJl : joLJl iUcuu * 

F K/ b — tnct ^yl y i 1 1 JpUJl ^4 1 J - 1 I Fy SjLuJl • 

F K/t = 0 ,]x 320 ; 




Fy = 32 N 

/« 




: (jlj U£= A V ob«jl^ J^ab*. jjjJu Uui : »b«j¥l$ J-obJl • 

32 N — 1 3,5cm ■. (i±uj ^ujl* 

o^SJl 1 $j ^pjp ,_yjl /^, o^iJl 1 ^luCu J^UIJ I^jjl At* /3 

Lgi t a l i i^p^juL) R ■ 1 ^if 

• Fy* — F ty oi*® ^ V dt l i ijbb - . 1 “ 1 --. ^ 







t o-i! 

2,2cm Vj = 0,22m. s' 1 

1,5 cm ^ v, = 0,15m.s ' 
1,8cm ^4 v s = 0,18m.s~‘ 



2,6cm ^ v, 0 = 0,26m.s ' 

4fl l i mi t 3 I~ll ^ ■■ a \ . 

■ tou 4£. j4uJl (44Uj A ■»" ...1 ,J 



A v 4 = 1,6cm , 



Av 4 = 0,16m.s 



-i 




Av g = 0,1 1ms ' 



4Jjl J zl Vy — > 7, / C/M : Jbu . * >1 
4iu$]i j U*3 A v 9 3 A v 4 ^UU Ul 




4) J- ~ * »l l (4ui»Jl 4 jj^ll O ^i]l ^ j »■>■ /k_) 

( 4 ...T«ll ^ 4 J 4^3 t P 
aJUaJdl (3*^ J !_»■*«“.» La y i$k . R 

^U>IU»tl JajbJt JLui 3^3 :T 

OV® J^iLUl J ^^1' 3^9 4i=> j_>- if 4ji ■ *■_■■»- 

P + fl = 0 

t $A | 4 xusJl o eS^ill £3^3.43 



rjlij m=400e 411^0 ^AH . .t-i, r ,.. r „ „ 

Aioj^jl Ji-astii r = 50ms 4.3 U~ .«3 iUjLuia iUiaj Zjljb J (ttuojl ai iuj y=>jjt 

443 jit 

M?)i C4</)jl*4b$ll Jzl V 4£.>uJl jjjj £Ui, (J^laJl .igsaJl ,4ji_LflJl) | _ r aJ^ l 4 ^ ^ 

. I cm ~^0,lms~' «JLJiiL^. ■ 1 < lui 3 ji 4 hu^ j£_ j} 
so* 4lb»a» o' 0*>3 sUil (Uilj J>*»ll) ,4-isJl Jb: iji^lt ^-,- 1 /sl 

• ^ (^Uall JajiJl Ui, 4$S Jj j 

5 zl v Jab- (_>! Qln ^lrtij f 4boi J*b- Ja /£ 
■(Atfj (^-^OS^ba^ll ijj (T) I n. i -^l l JLul 4^3 4« _ < 3 oift 4j_i‘i^]l JliliJu />. U~... yt , /j 

•iAftH J 04*12)1 04 Ao 

4^4 jjJl Zjl jjju I rdlcLuail /I / 1 
• A V 4X. jMti\ CjI joLLi LJL>- 4 ir j*i«'i 
. 4 jji jil QyiJt p |)43« .4J bJl>. 4i£ jOU 4^— j-^ll 4 ^iJ| 

•O^i^ O^jlilJ ^A oaiJl IZLA /wj 
s itijOa- 4jjb3jJS 4 jlLi ^UJl O^iliJl u*l> /£ 

J^ab-OjUj^AT) 4 A ,i.i' S , -l » aU> 4 ji^il 

■ ~ W ^G W-»Wj Wit ^4443 . a c WiJlkkC j^> jj fpbu ^ lg~.l~.t-, 

^V /fl3 Zlv, l^'lll/VV OJ-L*j /' /2 

= V 5 - Vj o' |«i»j 
^v 9 =v / 0 -v s o'Ut= 

■ 3 Luajlj V, (443 Q3-j-ai . .-i«_i t JJ 



V i 



Ml 

2t 



2,2 xl0~ 2 
2x50.10- 3 



= 0,22ms-' 



A 4 Ag _ 1 , 5 xlQ ~ 2 
2 t ~ 2 ( 50.1 O' 3 ) 



0,15m.s ' 



A 7 Ag _ 1 , 8 X IQ - 2 
2 x ~ 2 ( 50 . 1 0 ~ 3 )~ 
AgA„ _ 2,6 x IQ - 2 
2 t 2 ( 50.1 O' 3 ) 



0,18m.s ' ,Liu\ s 
= 0,26m.s 



: ^A^ 44-j-Jl ^Li, JU t'.ii rL Igll^bl OOJU Vjg j V, ,Vj 



V j £ > ujl jUuil ^ 3^4J 

O.lm.s-' — > lcm 



<£ 

c 



4 



%c 



3 

a 



j 

j 

.1 



.j- 

13 



J 



3' 
: ! 






(A ) -‘^'1 : 4jl43«jl 

1 * 

. t a , >*j \ a \ (j-Jcxuj {% 1 jl 4 ( O , k ) : (sJLxll • 

T \ ,f, ,P A ■ <Ltr >- jbJl • 

^ A ‘« ^ f" OLuiloj J~> 9-3 : 4 jl~> »l-lll 0> }4J' • 

4jjl 91 <0l> 

; jj ■' (3 o-i! ‘Oj*>* <j§ aIasJ 1 o' '■*?> 

P A +f, + f , 2=0 ‘O^ X F = ° 

—P A +T' 2 J rT l =0 i JbO 7 O, & ^ ^1x4 JoUuuVb 

T I=Pa +T '2 "A 

( 1 ) 1 7 ; = m A g + f] ,pj! P A =m A g o^ 

(B) (Xuodl : 

.( 0 ,k ) ■■ (xixii • 

. Pg i T j * 

.< 0 L 43 «Ji ci^>-i ^LmUj <S 1 4 jl'v'jJl * 

F = 0 ,' T ' ^ + Pg = 0 i o j! O j'jj iOL>- 3 o' ^ 



( 2 ). 



T 2 -m B g .jujbs T 2 -P b =0 ■. jpxi ^O.^^fxbaijx.b.bu-Vb 
. .b>_iT«li |_yuiu JLilJi b^a T 2 =T 2 o^J 

T, = >”.|g + m B g • JdOcS ( Ij JOjlall g Mflg _> oj&)T 2 -jT' 2 <j£. o*'9*j 

: dJuay 

i ,_SJJL£. Jj.l jU~i 



T,=(m A + m B )g 



T 2 = 0,2 x 9,8 = 1,96 N . T, =(0,1 + 0,2 )x 9,8 = 2 , 94 N 



‘OtU <Uax.^L» 

.(<bbb 4 X. j...j) 4 aU.~. •. a 4 «ja~i.n4 4^>JJ>- 3 4i»aJl i Vi l ^ i 9 J jOUJ' i^bu At « 'uu \ i 1 — > 

a= 4 m/s 2 ^jbOj 4Jb»- 3 05 o^ b».‘~»»' 1 /2 

^ F = ma 0^5^ ^UJt j^bOi 3^1 lai* . 4 iiUJi 4 i j^A^ 1 o"^ 
• _3 3 ! a 4JSlO»b f /ySJjUll 4 +ib aJjIx 4 JlsO (A) 4I4J.U 2 u*-iJbiS • 



T, = m A g + T' 2 +m A a 



T, = m A (a + g)+T ' 2 (1) 

: 1 41 7i > jUkl i .. ii i (R J <0 L^&U ^.Uii i )Li^ * 

T 2 =m B (a + g) 7-?^ 



. f ^laUall ai 0>3 ^ ^Jl Jiij uA^ J^Ci ^1 oju^, 5 , ^ 

zl V 4 jji AluluJl 4 jQ j u^)I J! > ^ih T* 

^yu. JD a] A V 4 <^)1 ^ l JUUH I > Amfl > ^Joli^ll ixoJl ^JJt A4 O (^-ULUixll lajfcjl ^ 

. T 44^3 

4J zl v 9 (jl jGJtluj j .Aiuiij JtaUcail i^pjl * y 4 9 O ^-JLuuil 1 a 3>)I 3A l^laLx zl V 9 ‘j l , 

^LUl ^4 ( 3 .A a .A.> U L1A3 4 T 44^ 3 J^obx l J ..^\ 

( T) jll 3 3A juju / j 

T = ma o-i! ^P - mu ^bJi q^ii . — 

T AV 

I = ma = m — :jDbiaUuii^b 

At 

Av 4 0 , 4 x- 0,16 

T = mx — - = — ,(A 4 )/lu>4 HJ 

2 x 2 ( 50 xl 0 ~ 3 ) 



T = 0 . 64 N 



T AV 9 

T = mx 



0 , 4 x 0,11 



2 r 2 ( 50 x 10 3 ) 



■ (A 9 ) 



T = 0 . 44 N 



l / 

A 

h 



23 lmjajJI 

Quo^jt U 4 — 1 niB= 200 g j m A = 100 g ua>uii£=> (B) $ (A) qU *■!•»- 3W 

• hj li 3- 1 ' 1 *' 1 i_|lrt.i>- <di^s .Jjbdi JSOJi 3 

1 o^bdl ^ p;lr>.<T«ll 4.<_i.a . un>-l 

•Oj'^j 4Jl>- Oi' ta ^’ fc ' , 3 i4i4>- / 1 

. (1=4 TYl/s 2 49*10 50 l>- ^ <0L*3«J' /2 
g=9,8N/kg 

V 

03 * 5 ^ 4 Jl>* 4 i^%J' Jlijl^s IjJ at>)I J <li^i s_jLu_>- / 1 

. 4L^>«Jl Jlc J-ZUJL) Ijlu 
.dJL>3 Jlj ^)i ^4 




(dubil dtjuag) 25 (jfjoJJJ 



^>U) ^ Aj^jlJI a.^—% La^uIaAJLS >A.iLujJI Ail U> (jlJ ^ ^Uu-oJuJi ■- t ') 

^4 Jo l^U% eyy..f ir 1 4^1 ^> ^4 >( MOfttUgUCS KUSSCS) AjUu^jJl JLoJb w A...ll 

o! Aj^jJI j ^ ^ aJ| Ij" 1 ^ 1 i.iA'A , AjJ^dlui sJjlj^Am4 ^ AxSl^Jl Aj^jUJI <^JjLull ^ 4 4 

iJLul^o I 444 ASLuJI^ Aj^jtll i^jLOl ^yuji^j}\ ^)4uH > il . \ 1 AjLSLo) hS^jA Ajjj^l 

.2 3 1 QjK.tiJb (Jxall j oga j> I «*— > j 




lAjlrtiAa Ja"i i’l o' ^ v .UJ j3*aj iySyjjt • Lhii^3 o' ct ^3 ' ft ( j ^.’ ■ bj\ a\‘< ,..\ o^J 

4jjjQ!i lZjIjLoIJ j Ig'. 4 — > o>- 4 »i l ~ <4 o^ q^«~a jAg * Ig'. 4 -— >oa«J ajjjISJi A^lL-Ji oaa I 4 J oj' o*^ ^ 3 ^ 

? oUi/1 ajVb»c l^u« Li£. jj li! U <v)l>- j <ul giLiJi 

<Usu <Ujb^oiS j]oj A£>g O 4 Ajig .(^SLuUgjgf) ,j3i £3 j 8 giu bSyyi Aj^jlJI o 4> 03*^’ U^jUvi 

o' > . ■ •».! lajA j o's jjS-lJl ftgi o^ Q< i~iuii.~i o' >»• J ^ 1 ". 1 AjjjdJ (jZai 

■ j\ jfi-t 0-4 Jjlln i~i 

^jgaJlb lJt>J gj 3 Ajjb^jiJt aJLuII 8 JL A Vb«j o' " " j "oWj- 4 ' " Q.‘ t .“*'~ 1 ' 1 O 4 03*^' ■ 




■ ‘iiy.-wVi i 4 AjjiJuji 4£juu 03 -b ' o-4 l*]bJ <u ^jtli aJ jo 

,(o44J^ + 4-ilSJl 4 4lU.ll jJLS / 1 

. C ^-ub^ll 0 &£. jjlU ^LjJuluiI /2 

. J jiLUl jU.-all .S Saall jJLo o' W 4 j <U jjJl o' O 4 ■ l' 1 — ib/1/3 

. j-uj jl.JLa 4 g'l i~ii.il/iQ 



oo)Vsuw ojo b>* twA^i 



.J^r/?^^^Ulio- 4 rf 3 »^U # 7 '^ 7 ’' 20 coiloi>i .r =7 v , 0 

T, =mJa + g) + m B (a + g) 2 2 

T,=(m A +m B )(a + g) fj; 

! tSJOc o_. .U-. 



r, -(0,1 +0,2)(9,8+4) =4 ,14N | =0 , 2 ( 9 ,8 



~4 IJJJAjJI 



■U^ J 5 U 3 .Uis* Jab .(^JI oj> o^ A^^JI jai^ ^ ^ 




J=J! 

= aJLai ig^i j to?- ^sbu 0 i ciut 3 iWi .m^-.... 

T 2 ~ T i + P = ma . aJlili aiVxJi 0 ' 5 .^jUJi oj > ajJi o 4 axa.«...-, o' J 3 U • 

' > T2 o' ^ ? » ' < > 4 JUJbj . 1 J^=s a O 3 S 0 Aaj Jtu A^» Jjjl Ojl^> Ijl • 

■ Ti < T2 o' a?»iu. jiiib 3 .ijviuo a 03 SJ Aj_.u» i *£=, aol^a ij ! 3 • 




C j <UjjJ| /2 

J'*'*" ' 4j"2J^3 4ij'jjL« 2d«>- (^eJjjfl+ &JjJiJO 4ju>- jyjju Lula .J^^a JjlSli>.^l o' Uj 

E J = E^, : d_allaJl laLostjl t \ t A 
E c = E cC + E pC . Jb U£s> v j i t 1 E c C £403]! J} AjJL^II 4 iU»]l jil 

c £ 4 * 33 !! 3 o < '* J ^* bJS * £liuji if Ajif E pC = OJ 





2E 

ZCj cA 


Vc ~i 


m 



1 2 T-. r-. I 

■■ *^5 ~ mv c = E cA 04 E cC =—mv, 
^ z 



v c = 15,3ms ' 



v c = 



2x23,52 

0,2 



■ lT > I °l ji'i 



v s >0 , 



•**?-$* ‘UiJl a Jbb Ju£. o^Sj ji om S iuiJl iu jjJl £Lb /I/3 
E A — E ^ : iS 3 A bJ^aLub^lt O^ 1 laLosejl ijLjua Q ‘ ' 

E$ = Eps + E cS b>il 
E p s - m S (2R) cp! . h = SC = 2R E pS = mgh 

1 



E s =mg(2R)+-mv ‘ 



o j! . E cS = — mvj o' 



Ks = 2g{H ~ h) 4 mgH = mgh 



. S <UiJl jJLj o' l(j i*> a j <U^*Jl O^S 4,4^3 4 



v s>° 



o^s H > h o' L*j 



•V 'f 



v s =yj2g(H-h) 



S SjLotJl ^ ^JLJ 



g = 9,8ms~ 2 ; h = 2R = 2x3,80 = 7 ,6m ; H = J2m 



v v « 9,3ms 



-j 



4 Vy = yj 2x9,8(12-7,6 ) » 9,29 



^p 1 ' v3 -^ ‘ ^ J! vJ3*^ 4 SC' SC E 4 ^ ijJ^SfcjU 4 JjJl)| ji ■ ~‘ ^LilojJl 4**'\A /4 

O^-— ^ ^ OffIS 4jC .S Ab-flJ' ."U^o 3 . // = 1 2 ttl ^Lajj^l 1 ^ . v i r 

^ ilajL^jja 1 J 1 A 3 v_JLu Jcmj 4u.< . 9 ljJL >- $] H < h — 2 R 

. S dJoiiJl ^Lu (jl <u^jlU ^SUj 





JaJI 

jUAiaJl ^ ijjxJi ^ aSLilt 

AU=J AolSJl AiUaJl /I 

bJ>*a 03OJ ABCSCD 

E.a = E Ca + Ep ^ ! /i j 

*~A 



F 1 > 

E Ca =-mv A 

A v 4 = Oms 1 jSJ 

E c< = OJ , o j| 



Ep, mglf ^ LgjjUc + Jb^IJidAsJ iuJUill JUalSJl 4 iUaJl : E 



E < ~ mgH + 0 ■■ ox fcuisai aiiuu ^ 



E a = 235 20 J =23,52 KJ 



E j — 200 x9,5 x!2 -b«j 3 * P 



E A = m gH 










26 fcKjaXIJ 




JaJI 

j A..v_< iita / 1 

| j-4-i M dJL. jj * aJl lr*ilr*\'^.4 > 

Os <t < 2s x J$it\ j^UJi • 



oojIaaj ooo\> gj)\jw 




•S iuiJi ait LJ$aUlai-ii ^ a^U]t/II 

aj^i au> ^ j/.,-. / 1 

• G ***** C^N 3 P j V , 

. j^aLi l$L»b>- ,aj jjji . /> 

Uj>»£.) U*ls>lj jjSjj .Kigali ^ a£uJi J.« . iV 
• JUaL (^ jjoji jUii 
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• |J> yuiall - **-—> ■y‘~~' AII^— > ^UUULUi\ /£ 

G = 6,67xlQ-"N.m 2 .kg-' j^u 



(jiiaiiillj ^ ■ ■-» aI i p i)lr>^ ,_y5> ui 



cMI 

.iUtailj J ■ <^->l^SUl CJljUu^ /I / 1 

■ ^^Ir^fcflll DJL& (bj£j) ^ £jCU ^i>4ml' />— J 

»I^S3l jl Jlc. ^j-aJu Aj^ ^JlaSJ J 3^1 .^JU /£ 

.jJSLUl j QA 3 . \$xA jm Ji^-i ^5 £ju 

«J1jL>-Lu_ 4 ^yu^ilJl J 3 _>- cllji s i*-— > 3 SJI oi t _ y Lc L y^j-J ^JuSJ ^jUJl ,j ^jUJl ^)j /i /2 

JjUlil JSLJ 1 . ^Lj^LuJLa A.J.i.4 j JIjI yjs A_J ^Lua_Lo 

: k _y3b Aj^Lia A4 CjI^Laa 4 Ll. i * 1,4 

A/ = Aj = A3 

^aaa! ^v-4 Jiifl » ^jJUlulJ » _ ! *•"—> 3^1 0\* ^34 ^ jLJ ^ySJ ^ 

PjP' 3 jP^P' 2 ‘Pf ' 1 

4Cy, QjSb pi . illrLLj Q] lAjjlmll jjt U-)J 

j 4Jl£.jjui ,_y» Vy l51 (Pi) (Uiajli jj . ,jSJl 

■ ( P l ) ^ V j AjuC yu/ yisl aJi&j \>2 ^ (P 2 ) 




Jbw . 



r = 



2tt(R + . 




T 



A*jlS /wj 



T = 2,81.10 4 s 



<iuutj T -2 k 



(6,37.10° +1.36.10 7 / 



V 6,67.10 " x.5,98.10 2 * 

2 81 10 4 

T = = 7 ,80h = 7 h + 0, 80h ■. AtLalb ija ^ ..'i i jc ^ t j 



5(5(90 



T = 7h48min 



0, 80h = 0,80 x 60 = 4# min ^ 

o-i! 

^JuSJ JjJLUl ^^jlijl ^l~ '.~. ...1 /4 
r2_4x 2 (R + z) 3 _ 

1 — 1 jJJJI ftjufi yj 



GA/ 






f/? + z/ GA/ 



oj! 



T 2 4^ 2 



a J GA/ 



• — OjIj 



R + z — d 



OiSb 



~ — K : A tS*! ^xJUll y, yiLaJl ! ■ 



jif, / >J djUjJI ijoil^aJI hjUUauBJUAil :8 (jjjAjJI 

.Ax u i4< a) i te j4»4 ll AajbJl w-x^=jl 3 SJI CjIjLLa ^S j£=> jj& ) |4 Jul 4 (JxCJ I 






L ^a b v 

. ^1 A1 OjJUJl Jj n-»~. l _ 7 £3 q j] 



T u 

— T = b- Ujb \ ,Ui* 



i ^JSLOJl ibUll 3I 



M = 



4n 2 

b.G 



t2 4 * 2 

■iS ^iull 4ll^-> M <>» — — = 

■ R 3 GM 

T 2 4n 2 



<J > /ullil ALa.4t> ^IjUUUmI /JT 

jl&l (j ^jliJi (jl ^Jlju 



» Aju»3 . — — b dxi 4 j \ O^jli OjLlC.^ 4 4 >\ i < )l DjLlxII 42uUdhlL) 

R GM 



b = 



i b f*JU(Luull y , iia^ i) 

AT 2 38, 3x10'° -9,42x10'° 28,88x10'° 



AR } 12,3xl0 26 -3,02xl0 26 9,28xl0 26 

b « 3,1 lxl0~' 6 s 2 .m~ } 

4(3,14 / 



M =■ 



M -1,90 ,10 27 kg 



3.11.10' 6 x6, 67.10 

(.5 yuLAl 4l*i^-> ^3 



— : Jbhj AJL43 



L^ojuuJI {Clgii UjU aL£l~>all : 9 ijjfBuJI 

^4 4 ill <•>14 ole juajU ^ uA 1 4 ) 5l£==>l2«4 wJ^oul^aJLl » 4x0 L>- J AicXuj! 3J 

. 9.lali (Coj .,^^ 0 jl >» (4l*l j-o ,3-0 Z — 2Rr £bijji £4j (E) 

1 0 U»_i . ( (> JSLuJl) Vfl iUjlJLojI A jn 4! oj^Uy > 




•* jU- ^ J 0 | 

. o' j>l£J 4U1UJ1 o 33U1I o! / M 

T 2 _ 

J" — K = vlub jloi* 



L>“'*"^ 1 d J>Oo ».‘ <: ~> 3&U ^y^jl jjjjl t T 
. jLi*U jySi\ J53«ll J3U - • , r 

.fljUJl 40Jl ^yJu Culi 343 lc> *^hJb (Jbbb .Xiti jUi* , K 

T=y[Kr 3 , 0 jj 
■ (T) Ijaju (r) l _yaij UI^Uj 

■Mercure jjOac. (V Jjiu^i 

iUaUJi ojLx J^uUj JU]b 3 Ojjb .^UJl ^UaJi jLu£| .J^ ^ ._,y„- . /£ 

. 2^r 

•^=='3^1 (jlc. v = — ^3 44Uv.ll 4 j jjloJl 

. v iu.fi Ul^» * T J3JJ| Ui^= 4J| Ji£L Jaj ojbaJl ooa 5 

. T J iU-f3 jiual 4J J jUout 3 A 3 v_a^=> 3^=> >-i>il o' Uj 

.i^^u/iu^i >^,1413 03! Tji^ij)£=\AlPlutono3j9h 3 A 3 ^=> 3 ^=> ■>«.■! ol3 

J 35 . jiuDb J 3 JJ Plutonopjiu 

V 2 

jybo 4jl I 4 U .Clljl^icV 03^34 '-^=>ir=> ibu^, sblLoJl e UIc £>i .^2006 iibU, 3 



' T ( R 3 ) o i^ji(%«.j /I /3 

• ( m ) I J! ^ 303.33 ( s ) J! T 003.3 Jj3=»j JO ^ >Ui jUil ,34 ^*3 JSJ 3 



(Ga) ju^jic 


(Eu) bjjjl 


(10) * 


yui\ 


6,19.10 s 


3,07.10 s 


1,52.10 s 


T(s) , 


10,7.10 s 


6,71.10 s 


4,22.10 s 


R(m) 


38,3. 10 10 


9,42. 10 10 


2,31.10'° 


-Pfs 2 ) 


12,30. 10 26 


3,02. 10 26 


0,75. 10 26 


R 3 (m 3 ) 



. 1.56.10 26 m 3 -*lcm . ^ 10^=3 8,0.10‘°s 2 ->lcm . ,>*11 V ^ iuUi^^b 

1 O 



V 0 a it $A Lajl j ^ , V 0 AC-jmJ ^yjl A i t‘—> jjt jJUj ^5 jjl tluaill Ojlj /£ 

•i£j-jtJL)t jLuit ^oii 

L^dlj 3^3 k ^jl*ull ^j^SLj DjLuj-4 ^ () O'* ukA^M _/> *"""> ! Vq AC ^uij ^uOkJl > v B ijj /3 

■ 4-J-$jS*A L$J^! j£=> jA$ 

.3 jliull OS&-* V *0 ^Jjlflj ^Jii AC jjjxj Jsai ijj ul 

.(jojifLi ^Jtaj jLuIl IjlA i_S-lJl (A-u-pGl^ . 1 ~i AK a 2 j l...l l /4 

> * ‘ - 1 '* ' G " 4 ^! I 4 JIJ 3 J 3 o , “.>^' plua^ifl Ja^iu, 4^=> ^3>- OJJ ,_S^A^>. ^jJa Jo.£i ^ /5 

.s ^ Ul) V u AjLilJLu^fl A£^uJl 2 i 4 ‘ .. A V /»\1 4 1 il . t~ l-> ^ j ,?, l l 

< 4 aj jjIj Ai==> ui) ( v q — 5 , 59km.s ua ) 2i_i4i^— . ac j.,a\ iju • 

• bulj LcLu-cd 1 ^- 4 -S JLausj JLiJlj^ 

iluaijLj UUJ jy^aJ DjLujlO ^>SJ ki __y3jMJ bulj LicLuo 1^*3 lubji j -^^ 1 AC. j... « Ijj ^ • 

.^Ii4 m) l J^>- wt^=>I^SUl ^.14> JL>. $Jh 

■o^y^L ^ LUalSLo ( v 0 < 5 f 59km.s~ t ) Jal ac^u i ji ul • 

jfUc >aaJ ajgjjUbJI cuuljaJI ^ 1 0 ijjjajJI 

j^j-* o* ( r ) ,JLc ^oj m = 1 000 kg 4 JSj^> <ujU aL xaj o yyLxj ^cLl^ual jj* j) ; 

•i^r = 6400km . ai^\j t Alj'^^ybjbfi j»~ • « 

go ±*>- (r )i(g)i (Rt) aJXjl. I jA 3 ( rj JuuJi iujjb. ajui ojUt l^l / 1 

• (go = 9,8N/kg) ^dauu ulc iUjjbJl jjia- bA . ai (jA 
(df) JULLiVl cLul ( P ) l ^lxuaJl j^ill ,3^* ftj 7 « ij i^JJl (dw) JajlII /I/2 

•ijijifi jku*i ,^£. ijl3ux 4 fr + dr) j (r) ^jjjLxJi 
• r 2 — 30000km $T\ — 20000 km ^jjlajJi i ~..^ ii j a?>ii ~n •, ", , i ^ \,r ^ici i ^ %i i ^ ~ . ,, i / . t 

i>« J/Z j^jlU Epp iuJliill ii«lSL)l KillaJl JJC /I/3 

AiUaU l _^u>- j> il o'i -W^aUa aJ$Jjl 4 iOU^- ^ (,>»jVl -^U*<aJl j^iJl) *U?- 

• E pp^ = 0 j i ol ^ o* 3 J-* O* ‘'jWa ^ Jbu J C. jju <uJUu]l <LiL«lS3l 

3 A JUliiJI iLLolSJl aillaJl ^ o'i -u>“ jif t ^>4 l-l» *-jujA ^*iJl o' j4idj /^ 

• AoojjjcuJl AjJUjJI AUlSJl Adliajl 3 jLlC ^LjuuLuit >u y 3 j il'l Jli Ckut 

u-xuu>-l J^O U^lj { j^a jifl J^>* ^yLli^aJl ^4i)l jUi-4 ,j! •.rx+ic. Ijj /4 

9 X 1 0 tTl.S l _yi> (P) Jl . li i C . C , jjm oJLlu t^l-i Ulc (A) > V if. Vj A "t C, jam I 

. r A = 30000km 3 r P = 2000km : J^au .AiikJi iaUaUi Ijll4 jUaLU/b i 




iM T -5,98.10 24 kg s^jidioa^, 

‘^ 7 — 6,38.10 km : , j> jgtA . 

. m =1000 kg , JUaiji ai-.c_, 

g J-l3.il iUjOill jLu-» $A U 4 V 0 = Om.S~' Aju\£s Ijj / 1 

? dfciUJ 1 j?.-.)i 

SjJu ojSj jUii 0 y» v 0 = 5 , 59 km.s ~ 1 ijj /\ ) 2 

O-ajl^ai- J-la- -o^J ^ 1 J^>- J 54 J lo^U^ I JU-aj jJi_, ' 7 ,li j 

■ Aj j . lfll l 3JLA I 4 J ^ujvi«7l t ^yjl n j^ll 

SojUttfj^u^v'g) Ju:^i L> ou ;1 m 1 = 4000kg pal^=> 

? <yz£=j*~ Oi^j > fl. i ^ ‘(v'u) < 1 £.>uJ| ^hJlo J^l Ali^j j -4 eLai Ojl jjUj LaJJut /£ 

, j^oJi ^aai ,«ij ijj ,jU*li JSLiJi o^> jU-ii (*ij jja- /3 

‘ ^ 0 l>* (_W^!> - 0 ^=»' ^0 ^ jm u A 

• ^ 0 L>® ijj'fl .l Vq AA j-ju /-_i 

• JS^JLaII |^ut»U -i)Jb^ Ijlaj t 2 jluill f- q j La /4 

5 o *)* 1 (>J^ ^ j»U>Vl A£=^ OJJ cS JA^ 3 ^ JA /5 

■Cr * 1 



J=JI 

U^aU 03 SJ (»^J| ia^i— o^ V 0 = 0 m/s . iUjJLia -j-liU A-uIJlIj j’l AA^-Jl Ijj / 1 

. 1 jiulil (AAj l^l , (LA) J^iUJl ^A .1 jl.-i a 03 SL 13 

^jpCUusaJl I 4 ) o^oJl J^i i,^^- /I /2 

.u_ 3 ^^jall | 4 au^Jl AjUfTfcC j£=> jA x yuLJl ‘i • 
(>»J (^5«Jl AJUaA lS>^ 3 j-a 01 J J«»l 5 JI (^Jfl'iiiill 1 ^ 1 . J ^aUJl 3 A . JalrJl • 

. JiLaih/l 3 = h 1 j : dbuVl • 



zr n M T m M r m GM T m 
F = G —^- = G TT 7 r~T = —rr- 






F = 



6,67.10“ x5, 98. 10 24 x WOO 



>1 • 



6 



4(6,38x10 0 / 



F = 2,45xJ0 3 N 



^^1 ^ ^ * v ^ aa^i m ' = 4000kg Aiii^, >r ^aaiu Ujga 

<a^3>^ J Gaj-iiii (Au-sJi AiiSJ Jj-j 'ij 4 ^ jjuJi ^uii L> ^u JUJU 5 





.^Ltuall j^ill JiU J*aJl Ojb C. ^3 



dw^m&d, 



s\ 



(w) JiiJl 03a) ,JSJl J-uOl ojLui /^t I 

O^ 9 y=> y fjC. (r 2 ) 3 (Ti) j^J-iau jUbLij j'llnii jjj t _ 7 clluall jaa)I laAifc 

! Jb U*— > J^lSlill Labb J AlC. jylj JlaAifl ^ja 4 i.hti 03 a J 



W 



T2 ■ mg 0 R 2 



= w=fdw 



<••? _ I . 

u> = f - 5 - dr = mgX /■-;;; 

j ».* »• 



r/ 



rl 

2 r l jr 2 

r 



•ljISJI Ojbc ^3 



2,1 1 



w = m g n R- T [ ] 



r 2 r, 



» i 4 Jl 4^ 

1 



w = 1000 x 9,8 x( 6400 xlO 3 ) 2 [ 



3 xl 0 7 2 x 10 



w = - 6 , 7 xl 0 9 J 



oj! 



Epp AjJUlJI iLUlSJl AiUaJl OjLuC. /I /3 
AE pp =-W (i^ii.01, ! / ijS^bias jaJ)) S uSbiKjU ALaaJl ^y» 4jl foJj-i 

A Epp — - W ( p t oV 9 ‘Aala-b 033 P ol Uj 3 



1 1 



E p P2 - E P P,=- m g0 R T[ ] 



r 2 r , 




■y] Jb«j jjbj^ajJb 



(t 2 ) 3 (f l) JJj 1 J c. rn«-»l l yjd\ JijJu UAi£. iuJIAjJl 4_L«lSJl iillaJl jjij OjLc. ^3 



1 £*03 j Uilj AaJliuJl <Llal5JI 43UaU ^ j~....tl Q3$Lj laJLiC. 

t Alu »3 r 2 -> 00 UJA QA3 E pp = Epp = OJ 



2,1 1 



°~ E P Pl ~ m So R r( ) : E PP, = 



_ ~™g 0 R 2 T 



00 r, 



^ydJubaJi j * aU <lJUuJi dJuolSJl 4311^31 SjLlc ^^3 



r- _r- _ ~ m §o R r „ , . 

£pp - tipp 03 ^ Tt-r fbj 

' y 

1 it»') r — Rp + z 31 3 



F - 

Cjpp 



~^gn R T 



R t +z 



.4- Jlilll 4-LolSJl A ijbuo AjlgjMJl jl.ilc.lj 3 ^Lxtu ^jL. (z) IJLxj „ iLai.i j ^jlSLo j 



60 A) 00oV> GAJ)W 




Jail 

g u"J^' - 91 ?- » j4t / 1 

•rrj O^IJ ^J^l ^A1J3 9 (VwJ ^yC-Lu-aJl jjuJI • 

. Rt lA jJc 3 lB >■ at s \ : > 3 l(Mj) • 

1 Ol^ (^5^’ jjli . .-v 

.4J ^j^ajifl 4ojjl>> DJLui — ^yC-LluaJl j^jojl Jjaj a . l.t. 



cy l ( r ^ (g) — 2^" o- 9 ! P=mg = 



GmM 7 



^o=- 



r 

GM 7 



ft 



4i«3 r — R- r jda 4 ii L ^3 



■ A13U0II djbaJl l _ y iJb 3 



go R T 

g ~ r 2 



a?«j ^0 ^jLc. ^ iu.nfl 1 




(dw) JiDi i 3il J4J1 /I /2 

yjiJl 4l r >fl i l l j Jb-^j ^AiJl 0^ U^ybu 

4 leaiJl (_j! 1 _J 2 | 1 i ) .(jbjjfl ^z>y i j£. (r) IJou JLsju 
■ (f + dr) IJLsu jjbjbfl Jajj (M ) 

JliiiVl tLul (dw) jJaxII JJJLiJ 

■ tjAaJi > uu-tt* (MM ) 

^lxu< A(P) 03iJl £buij |_,<lmll tLisJl = P J»f 
dw = P.MM' yLXioi'. (MM') 



P Pl 2 * . 1 ( P ) ol^-iV Im 4 — >lxa (« ) oA>>3 ^Ijlui w ' . *. a ~ * 3 






A/A/'|l oj! dw--Pu. MM' aij»3 



p|| = 1 o'b^» dr & MM' =cosa A/A/'|| jSJ 
dw = -mg-dr 4 a» 5 dw = -P.dr cp! 



^>^3 ji ijSjS 4aaaLi jjjjUj 



1 1 (JJJAjJI 

7Lj^JL1j jjiajifl > . i^—rt 3 SJ 4_ull)l 4 XJ 3 SJI Ac ^ ... l l . il...-^, 

L _pL>- iJuhj (R) OjiaS ■ a.s%\ | 4 J 4 >- *'.' A£.j^» (M) 4 ~ll~l*— l > I*— 

. 'I IC-.^ Vl J » . t M t»~i ll OjU 3A G 3 (go.) 4 t» 1 ->iii 4 jlj jb%Jl 

t_J fl ~ »- AJllu j\£ . _ 1. 1 A Uv... (z) 4aj tu7 ic £4J cl uS fl l l ^34 4 ir^ fl t jy~i.il / 1 

. Z t go ‘ R <OVJli 4 lr>fl ill 0 JL& £ (g) ■ ifia 3SJI 1.101 4 ju jt>- 
4 lrtfl ill j J30- 34 (t 7 l ) a ~l~ 4 -. y+uscy > 34 4 oJ 3II 41 . 43 * 1 ) AjJUlIII <LLslSJl Ailiall ^jj /2 

- GmW 

• ^pp _ “ »jMV f-AJ 

R t +z 

$ 4 _.lln‘.ll iCUlSJl AiUaJl f> JbLu £lflj 3I L$i /I 

. (Epp) OjLlC. ( — ) Ojlui^l 430-3) ’ bk£ I /i_J 

.z. iG go* m < 0 ^jli (Epp)jjc. jyc. /£ 

^JuC. £ 4 J (tit) 4 ~il~»^-r> | 40 U 3 «J l0j iu>r I u i 1 jj Vy 4 r j ...II ia .n l _j^i uLaV J! 1 A Ifl'i /3 

V» 

■ ijl^MJl (J! OjjljLJ . 1^—) 3SUI 4 _iol>. ( j 4 I~ilqij l __ T JL0- . .^-1 3SJI niaLui 

1 (JJjJljJl 11^3)1 j (1 i*—>3^b — ) 4JL43OJ 4 o 5 LiJISLjl 11 A ^lU>ll Ojbc la£.i /I 

• V() &C-JMXA (jlln 113 (ybj bft glr>m ^jLc. • 

. V A£.JUU 4)3 J ^1 jku ^j 4 (z ) £U 3 jl . T lc • 

. V 1 Z 1 g 1 R 4 j^JU V (J 0 jLx. ^t~l 1*1 ml 1 b 3SU0 4)3 344 4jL43*Jl (jl jl l~lf b /i_J 
1 oG ' fllf jjjll3 344JI3 ^yojill . 1^— >3^=> 4 jl) jl»- -llMiuMJ 443MJI V (J (K~li~lnll /jr 





3-44)1 






3,69 


1,67 


9,80 


go (m/s 2 ) 


3424 


1750 


6400 


R (km) 



£ = 



ft* 2 



f/? + z/ 



(g) 5 SJI <Lju jL>- v JjCL>- d J uIi 3 jLlC / 1 
j 4iulaJl ^jLaaJl j IaLlaojI ^yjl 4iu^ia)l ( jojJLLj 

AjJUlJI iLLolSJl 4-fllLaJ' Ajl9 |> Jljuu ^ Jl)I ^Uuj^I /\ /2 

- GmM 

.Ju^^jl jyilil Z 3 hpp — — — UjJlJ 

Aji dljjLO 0^3 . ^ ^ JlsJu AjJUlJI AJuolSJi AjilkxlUS t E pp — 0%J ^ ^ 

. AjJUuJt iLu»lSJi A^Urxl) jLlL>I 



0 />0 OdO\> OJ)VJW 



C^a- jl3=V (Epp) OjUc. /^_i 

<u)l2ujl 4 i fli y . l l 4illaU j^»> ^il sS 3*1 -1 1 j'.i'if L 13 .4jJliuJl 4ju»lSJl 4ilia)| j . -~. ojLuc ^ 3 »-y)b 

E PP) - OJ r i = R T ojSb b»j-i£ 4jU ,ifi ^ 31 ^, ^u... j* 

E PPl -° = -mgX(~—L) 0 ji 



0 



Epp - m So^T( ^ +2 ^ ^ <u *3 E PPi -Epp o\* r 2 - R t + z J403J3 



_mgJR I z_ 

^pp ~ n 

R r + z 



o4 E pp =mg n R 2 T 



R,( R T + z) 



L$i 



■^yA ) ^1 Tdau, 30 4 jJUuJl 4 Jl 41 SJ| 4 4 l lrrfc. 1 l blLuo ^ji jb.iX. b l yC3j il'l jl 3^-1 4 a)l 4 jjl 4 JLdlSJt 4 4 IU-I I ."ij l , r 



z. 

— « 1 4JU3 z « R t ijli bP® 1J c.liir-»ll 3^4)1 03SJ U1A4C3 

r t 



LJpp — 1 ^-UjJLU\ jOLuiJ j 33»J UJ 



/ + 






£ p/> = wg fl z 



a-i! 



R, 



+1*1 o ^ 



■ .JpA j ^1 l _ 7 ic. | 4 bu ^yJl CjI^s y^Jl j l^j bjbunl ^_yJ' 0 j 34Z1II 4 aJlii)l cbialSJl 4 JllaJl 0 jbx. 3 



033*4)1 1 I *|C| ^ l 1 . a -1 ll ** III I V., ll 1 l AC j 111 ll ** 1 . .. ■ ll ... jl\ 
033 jjl l03^Jj L yajil\ ij£. y 44 )l l$J 34 J *> lr»fli Juui lL )<aab ^lia 3 3A (^£.1 iinll 344)! 3LU4 |j) IaJ 
<U £ JJU J3SJ3 (P) L yajLb»0jl J-*J 41 a 4 j ^yiil-bi Ly *ut~lj t V A il£ 3*11 4 j l^,u> O3SU3 (A) 

■Vpu* 

<1)3344 4L40. bbjjJutj j_yjl (^303^1 / LJ £.binll 344JI) 5 JL* 0 «J iLflUaJl iaUlstjl IJLjl« J***" ■■’* . *t ...-». 1 4 

.IJ33 Ue» 

^ e a = e c , *e f , 



E a =-”"'a- 

2 r 



E.=i mv l-Hi&: 



04 ! Ep - E c + E pp ■. j^masOl j 



— Ep 1 4 illa)l jjl flu’ll IjLtfl i 



v 4= Jv 2 p-mg 0 R}(—-—) 0 j! =^ = -mv;- 



7 ^ 



T_ _ 






4JU03 



« 8223 m.s 1 



p ' A 



^cU-a ^3 ji tySjS 45^kj 4^aU oijL® 3 4 iftorffl ji 




v 0 /'-j 

E — Eq . .i~iS i Ijj .Al t U a- p Jl AAI In bjiUa A J 3 jjLa AJUaJI <jl L*j 



/ , -mg..R" 1 2 r. 

— mv - — = — mv n -mgR ■. ai*<> 

2 ( R + z ) 2 n S 9 



V ° = v 
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